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Executive Summary 
 
This Adaptive Management (AM) Report for Emergent Sandbar Habitat (ESH) represents the 
first complete iteration within the draft AM strategy being implemented for the interior least terns 
(Sternula antillarum) and piping plovers (Charadrius melodus) within the Missouri River 
Mainstem System based on the 2003 Amended Biological Opinion (BiOp).  Please refer to the 
ESH AM Strategy - Appendix H of the Draft ESH Programmatic Environmental Impact 
Statement (PEIS) – and the Missouri River Recovery Program (MRRP) AM Process Framework 
for detailed background information on the overall scope and approach of this effort.  Also note 
that as more information becomes available, corrections to values in tables and figures from past 
reports may be updated and certain methodologies may evolve in future AM Reports.  In the 
future, the most recent AM Report should be referred to for the most up-to-date information.  
Following is a summary of data from the 2010 nesting season.  A more complete tracking of 
progress towards metrics, as well as trends, can be found in the report card (Section 3.5). 
 
Monitoring data from 2010 indicate that population sizes for both the plover and tern were below 
BiOp targets and decreased 33% and 5%, respectively, from 2009 levels (Table 3.1).  Fledge 
ratios for plovers remained below target but increased slightly (7%) from 2009.  Fledge ratios for 
terns were above target in 2010 and increased significantly (29%) from 2009.  ESH area was 
below the target associated with Alternative 5 of the Draft ESH PEIS and is estimated to have 
declined 19% between 2009 and 2010.  In addition there was also an overall decline in the 
amount of reservoir habitat due to increased water levels at all reservoirs.   
 
During 2004–2010, the total amount of constructed ESH was approximately 847 acres, or an 
average construction rate of 169 acres/year in years where construction took place (Table 4.1).  
Construction of new ESH for the 2010 nesting season amounted to approximately 104 acres and 
was below the target associated with Alterative 5 of the PEIS. 
 
Based on available data and observations, a number of recommendations have been developed for 
upcoming years of implementing the ESH sub-program.  Recommendations to directly influence 
effectiveness are: 
1. Increase rate of ESH construction to at least 164 acres annually,  
2. Utilize vegetation removal methods from pilot project to improve habitat quality on 
previously constructed habitats annually,  
3. Continue investigations to improve understanding of creation actions and system and 
species response. 
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Summary of Recommendations 
 
Following is a summary of all recommendations contained in the Annual AM Report grouped by 
major heading, including the Section of the document where the recommendation can be found. 
 
Habitat Construction and Maintenance: 
 
 Create at least 164 acres of new ESH per year consistent with Alternative 5 of the ESH 
PEIS. (Section 5) 
 Based on the acreage deficits from Alternative 5, Gavins Point Segment and then Ft. 
Randall Segment should be the highest priority for construction.  Garrison segment may 
also be a high priority. (Section 3) 
 Previously created sandbar complexes including 761.3, 777.7 and 826.3 should be cleared 
of vegetation in order to improve usage and productivity at these sites. (Section 3) 
 Pro-active vegetation control should be implemented at constructed sites to maintain 
quality.  This should begin after the first nesting season. (Section 3). 
 Consider overtopping sites formed by placement of geotextile tubes with additional 
material to raise the elevation and/or increasing the size of these sites to the size of the 
original plan.  (Section 4) 
 If work is undertaken in either Ft. Randall segment or Lake Sharpe, plan to create several 
geographically distributed sites. Vegetation removal may offer an opportunity to restore 
multiple sites in the Ft. Randall segment. (Section 5) 
 Implement overtopping (vegetation removal on existing sites followed by placement of 
additional material to raise the elevation) as a stand-alone methodology to determine if 
there are cost-savings associated with this methodology. (Section 4) 
 Any overtopped sites should also be sprayed with pre-emergent herbicide in the Spring in 
order to reduce subsequent vegetation encroachment. (Section 3)  
 Consider building high elevation sandbars in the reservoirs during the next drought cycle 
that will provide habitat in those areas when the reservoirs fill again. (Section 3) 
 
Pilot Projects: 
 
 Implement vegetation modifications at the full-site scale as a pilot project. (Section 3) 
 Consider leaving one or more geotextile tubes in place throughout the 2011 nesting season 
in order to both protect the habitat that was formed and potentially form additional habitat. 
 Evaluate the effectiveness of various other methods of forming ESH under high flow 
conditions (examples include the use of large woody debris, rock, sheet-metal pilings, 
etc.) that could be implemented during future high-flow conditions. If warranted, design a 
pilot project to test one or more of these methods. (Section 5) 
 Further investigate the feasibility and cost of creating several small sites in the Gavins 
Point segment. (Section 5) 
 Further investigate the potential benefits and trade-offs of off-channel (within the Missouri 
River floodplain but outside of the main channel) habitat and reservoir habitat prior to 
implementation as a pilot project. (Section 5) 
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Monitoring and Investigations: 
 
 Investigate the potential for constructed ESH sites to cause bank erosion in the Gavins 
Point Segment. (Section 3) 
 Conduct surveys following the high flows in Gavins Point, Ft. Randall and Garrison 
segments to determine changes in habitat including vegetation cover, area elevation, and 
the effectiveness of these flows at “scouring” or “conditioning” sandbars. (Section 3) 
 Investigations should be undertaken to determine the effectiveness of geotextile tubes at 
forming ESH under high-flow conditions. (Section 4) 
 Monitor the results of vegetation removal projects to determine the population use and 
productivity of these sites in comparison to natural habitat in the same segment. (Section 
5) 
 Monitor construction projects to determine vegetation growth rates, erosion and deposition 
rates. (Section 4) 
 Undertake investigations to update the habitat-flow curves. (Section 3) 
 Consider conducting a new Gavins Point mussel survey to address concerns over non-
target impacts of ESH creation. (Section 3) 
 Alter the Tern and Plover Population and Productivity monitoring methodology based on 
feedback from the USGS study to provide more accurate estimates of population numbers 
and productivity in the future. (Section 5) 
 
Data Analysis: 
 Conduct an analysis of the cost per acre, population use and productivity amongst sites 
created using different methodologies as well as naturally formed sites. (Section 4) 
 Analyze multiple years of data from individual sandbars to determine rates of change due 
to erosion and vegetation encroachment.  (Section 4) 
 
Other: 
 Continue to explore opportunities to create and maintain tern and plover nesting habitat on 
reservoirs. (Section 7) 
 Explore the potential to reduce power-peaking flows out of Ft. Randall and Garrison 
reservoirs to improve habitat availability and reduce erosion in this segment. (Section 3) 
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Acronyms 
 
 
AAR After Action Review 
AM Adaptive Management 
AMWG Adaptive Management Working Group 
BiOp Biological Opinion 
Cfs Cubic feet per second 
CORE team Cooperating for Recovery Team 
CV Coefficient of Variation 
DMS Data Management System 
DOI United States Department of the Interior 
ESA Endangered Species Act 
ESH Emergent Sandbar Habitat 
ISP Integrated Science Program 
LIDAR Light Detection and Ranging 
MRMS Missouri River Mainstem System 
PDT Project Delivery Team 
PEIS Programmatic Environmental Impact Statement 
RM River Mile 
USACE United States Army Corps of Engineers 
USFWS United States Fish and Wildlife Service 
USGS United States Geological Survey 
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1. Introduction 
1.1 Intent and Evolution of the Report 
 
The purpose of this Annual Adaptive Management (AM) report  is to synthesize information on 
management actions and monitoring data, to assess progress toward Emergent Sandbar Habitat 
(ESH) program goals, and to describe lessons learned to inform ESH program decisions and to 
maximize action effectiveness.  This report has four primary objectives: (1) provide an analysis of 
monitoring data, especially the performance of actions relative to the goals of the Missouri River 
Recovery Program (MRRP); (2) provide a forecast of outcomes of future management scenarios; 
(3) outline recommendations for managers; and (4) provide a review of current published and 
unpublished results relevant to management.  Monitoring data are already summarized and 
reported by the ISP; the present document draws on those specific analyses needed to compare 
results with objectives. Also note that as more information becomes available, corrections to 
values in tables and figures from past reports will be updated, and certain methodologies may 
evolve in future AM reports.  Therefore, the most recent AM report should be referred to for the 
most up-to-date information.  
 
This document captures the results of the ESH Product Delivery Team’s (PDT) implementation of 
the draft ESH AM Strategy.  The results and recommendations from this document will also be 
summarized in the annual report on implementation of the Biological Opinion. 
1.2 History of ESH Adaptive Management 
 
This AM report documents a process aimed at improving the outcome of management actions 
implemented in response to the U. S. Fish and Wildlife Service (USFWS) 2003 Amended 
Biological Opinion (USFWS 2003) to the U. S. Army Corps of Engineers (USACE) operation of 
the Missouri River Mainstem System, Bank Stabilization and Navigation Project, and Kansas 
River Projects (hereafter, BiOp) under Section 7 of the Endangered Species Act (ESA) of 1973.  
The BiOp recommends the USACE conduct habitat restoration actions utilizing adaptive 
management (AM), and provides the following definition: 
 
Adaptive management is a process that allows regular modification of 
management actions in response to new information and to changing 
environmental conditions. Adaptive management is based on the premise that 
managed ecosystems are complex and inherently unprojectable. (USFWS 
2003:182) 
 
In February of 2008, a group of USACE, USFWS, and National Park Service (NPS) staff 
members met at the National Conservation Training Center to participate in a structured decision 
making workshop on ESH.  Participants of that meeting developed the structure of the current 
AM plan for ESH (PEIS Appendix H) and the analyses presented in this report.  The structure of 
the process is consistent with the USACE planning process (USACE 1997) and the adaptive 
management process outlined by the Department of the Interior (Williams et al. 2007).  This 
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report is a part of the process described in the draft ESH AM strategy, representing the analysis of 
monitoring data and generation of recommendations for consideration by decision makers. 
 
The structure of this review includes identifying current hypotheses describing relevant scientific 
uncertainty (Section 1.4), comparing monitoring results with objectives (Sections 2 and 3), 
reviewing management actions and pilot projects (Section 4), comparing planned work against 
objectives (Section 5), and reviewing new information from the broader scientific community 
(Section 6).  At the end of each section, recommendations for future actions are presented.  A 
quantitative forecasting model of habitat and population dynamics is presented in Appendices I, II 
and III. 
1.3 Review of Past Recommendations and Decisions 
This is the first annual AM Report conducted for ESH under the AM strategy, so there are no past 
recommendations to review. 
 
2. ESH Sub-Program Overview 
2.1 Objectives and Performance Metrics 
 
The goal of the ESH sub-program is to provide sufficient habitat throughout the Missouri River 
Mainstem System (MRMS) to support self-sustaining populations of terns and plovers.  “Self-
sustaining” means that the population has a high probability of meeting population recovery 
targets as specified in the current Recovery Plan (USFWS 2000, 2003).  This report evaluates the 
ESH sub-program against five objectives designed to support population recovery.  The first two 
objectives relate to the biological responses of terns and plovers to habitat creation.  Objectives 3 
and 4 relate to construction activities, including minimizing potentially negative effects of ESH 
program actions.  Finally, the fifth objective is a learning objective, designed to improve 
knowledge of the system for informed decision-making.  Each objective is presented with the 
following information, which is used to evaluate its status, and information on the appropriate 
geographic scale(s) for evaluation: 
 
• Performance metric(s) - qualitative or quantitative metric used to target how an objective 
will be assessed. 
• Measurement - the way in which data are collected for an individual objective.  
• Target - the value of metric(s) used to determine success in or progress towards meeting 
the objective. 
 
For objectives and performance metrics associated with construction (objectives 3 and 4), initial 
targets for implementation are set at the levels associated with Alternative 5 in the ESH 
Programmatic Environmental Impact Statement (PEIS).  This is consistent with the Adaptive 
Management Implementation Process for progressively implementing greater alternative acreages 
outlined in the PEIS.  However, these targets may be adjusted in the future through 
implementation of the ESH AM strategy. 
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Objective 1: Meet or exceed tern and plover productivity targets 
Performance Metric:  Annual and 3-year running average fledge ratios 
Measurement:  Count of chicks fledged divided by the number of breeding pairs.  The number of 
breeding pairs is estimated to be the number of adults counted divided by 2 
Target:  Increasing tern and plover fledge ratios with ultimate targets of 0.94 and 1.22, 
respectively (3-year running average) 
 
Objective 2: Increase and subsequently stabilize tern and plover populations 
Performance Metric: Annual population growth rate, λ  
Measurement: The growth rate for year t is the population size at year t + 1 divided by the 
population size at year t 
Target:  When the population size is below target, λ > 1 indicates a growing population, and 
therefore a population that is on track to reach the population size target 
 
Performance Metric:  Adult population size 
Measurement:  Annual census 
Target:  Increasing and ultimately stable populations, currently set by Species Recovery Plans at a 
minimum of 1,139 piping plovers for 15 consecutive years and a minimum of 900 interior least 
terns for 10 consecutive years 
Objective 3: Meet ESH acreage targets 
Performance Metric:  Area of ESH 
Measurement:  Aerial and satellite imagery 
Initial Target:  1,315 acres (may be adjusted over time through this AM Strategy) 
Objective 4: Minimize negative impacts due to ESH construction activities 
Performance Metric:  Area affected by mechanical construction of ESH 
Measurement:  Cubic yards of sand moved 
Initial Target:  < 960,712 cubic yards (may be adjusted over time through this AM Strategy) 
Objective 5: Reduce uncertainty to improve model projections 
Performance Metric:  Coefficient of Variation (CV) of projected or monitored performance 
metrics of Objectives 1-4 
Target:  Reduce CV over time 
2.2 Sub-Program Hypotheses  
 
Scientific uncertainty about how the System will respond to management actions under the BiOp 
is the primary reason for an adaptive management approach: 
 
“The Service agrees with the Corps that there is not a sufficient amount of information to 
precisely set a flow regime or to identify which element (temperature, turbidity, rate of 
change, magnitude of change, etc.) of the hydrograph is the most important factor (if there is 
only one). The concept of Adaptive Management is intended to address this kind of scientific 
uncertainty.” (USFWS 2003:164).  
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Scientific uncertainty comes in many forms; this review focuses on uncertainty arising because 
there is more than one plausible hypothesis for ecosystem (e.g., bird populations) responses to 
management.  A hypothesis is a tentative explanation about an observed phenomenon.  
Hypotheses influence the adaptive management process in at least two ways.  Formally, a 
hypothesis can be included in the forward projection models (Appendix I) and thus influences 
projections, and consequently recommended actions.  More than one hypothesis can be included, 
leading to either a set of discrete scenarios, or in the current quantitative model, a continuous 
range of uncertainty.  Informally, hypotheses affect which processes are monitored, the range of 
management scenarios considered, and the overall social dynamics of the AM process.  Currently, 
there are three hypotheses about the relationship between habitat and bird population dynamics: 
 
1) Increases in area of sandbars increase quantity of nesting habitat for terns and 
nesting/foraging habitat for plovers; providing additional opportunities for nesting and 
decreasing nesting densities and thereby causing a positive response in fledge ratios.  
Forage habitat for terns is not limiting their productivity. 
 
2) Increases in shallow water habitat increases amount of foraging habitat for terns, thereby 
causing a positive response in fledge ratios. 
 
3) No relationship exists between habitat and fledge ratios; instead, one or more unknown 
environmental or biotic factor(s) is/are limiting productivity. 
 
The primary evidence in favor of Hypotheses 1 and 2 is the sharp increase in fledge ratios, and the 
delayed response in population size, observed after the 1997 high-water event.  Hypothesis 1 is 
clearly relevant to plovers, but it is not clear which of Hypotheses 1 and 2 is more important for 
terns.  Both could be true, as they are not mutually exclusive.  However, if Hypothesis 2 is true, 
then focusing management only on nesting habitat may not result in the desired response of tern 
populations.  Hypothesis 3 cannot be tested given the current monitoring program. Investigations 
currently underway may reveal effects, but a complete test of this hypothesis can only be carried 
out by studying overwinter survival and return rates of adult birds of both species.  
2.3 Uncertainties 
The implementation of the ESH sub-program to mechanically restore sandbars in the Missouri 
River involves numerous uncertainties related to implementation and achievement of the stated 
objectives.  The ESH AM strategy is intended to recognize and, to the extent possible, reduce 
these uncertainties to allow for better-informed decision-making.  Major uncertainties are listed 
below. 
1. Biological response to habitat availability.  One of the uncertainties associated with the 
ESH sub-program is how availability of habitat affects biological responses of the species 
in terms of productivity and population growth.  This involves the amount of habitat 
needed and the distribution of that habitat within designated segments in order to meet the 
biological objectives.  To address this uncertainty, the PEIS, in conjunction with this AM 
strategy, is structured such that the level of construction effort and acreage target can be 
adjusted over time based on recorded and forecasted biological responses.  
ESH Annual Adaptive Management Report                                                            March 2011 
5 
2. Amount of annual habitat creation needed to reach acreage targets.  To achieve the 
acreage targets, a certain amount of habitat must be created on an annual basis.  This 
involves estimating how existing acreage will change due to three primary factors: 
erosion, vegetation encroachment, and changes in habitat availability due to water levels.  
While there are initial assumptions for these processes, they may need to be refined over 
time. 
3. Biological response to various habitat types.  It is postulated that different habitat types 
(natural, constructed) habitats constructed using different methodologies (new 
construction, vegetation removal, overtopping of cleared bars), and habitats of different 
ages and sizes will elicit different responses in terms of bird use and productivity.  This is 
believed to be reflective of the quality of the various habitat types.  While initial 
assumptions have been made, improved understanding will result in more reliable 
predictions of biological response.   
4. Regional population dynamics.  More information is needed regarding the dispersal of 
juveniles within the MRMS and the extent to which birds enter or exit the MRMS.  
Currently, it is assumed that dispersal within the MRMS is density independent, and 
immigration from, and emigration to, other regions occurs equally.  More complex 
dynamics could result in greater or lesser population responses to constructed habitat.  
Additionally, events outside of the Missouri River basin, such as the recent oil spill in the 
Gulf of Mexico, may have unforeseen impacts on overwintering survival rates that could 
reduce populations on the Missouri River.  The effect of such events is unknown at this 
time. 
5. Biological metrics.  Initial population and productivity targets established by Species 
Recovery Plans and the BiOp, respectively, may not accurately reflect population 
dynamics that will prevent jeopardy or lead to species recovery.  These numbers may be 
revised based on recorded species trends or updated population models.  For example, 
species numbers on the MRMS over the most productive period of record (1998-2005) 
were in the range of 463 to 1,764 for plovers and 630 and 904 for terns.  These or similar 
recorded variations in population numbers may help inform adaptation of targets for 
biological metrics.  
6. Predation at created sites.  There are numerous species known to predate terns and 
plovers on both natural and created bars, such as great horned owls and mink.  While it 
has been postulated that predators have keyed in on certain created sites, it is not known if 
this is due to sandbar design, location, high nest densities, or some other factor.  It is also 
uncertain whether increases in predation at created sites over the lifetime of the bar are 
due to overall habitat declines on the MRMS or some other factor (e.g., vegetative growth) 
associated with the bar itself. 
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7. Human disturbance impacts.  The amount and effects of human disturbance on bird 
populations are not fully understood, although human activity is generally assumed to 
have a minimal impact on the populations in most places targeted for habitat restoration. 
8. Interspecific competition.  Observational evidence has indicated that when population 
density is too high on a single sandbar, the potential for agonism (behavior characterized 
by aggression, defense and/or avoidance) amongst plovers exists as they compete for 
limited nesting space and resources.  However, it is not fully understood whether the cause 
of this interaction is inter-nest spacing, food availability, habitat conditions or some other 
factor.  
9. Non-target impacts.  While the sub-program includes numerous design and site-selection 
considerations that are meant to alleviate non-target impacts of construction, the 
relationship between construction activities and potential impacts to water quality, fish 
and other native species, recreation, bank erosion and deposition, and other factors is not 
fully understood. 
10. Long-term availability of sediment.  Although the ESH sub-program is not anticipated 
to affect trends in aggradation and degradation on the river, the long-term availability of 
sediment in the target segments to construct sandbars is uncertain due to ongoing trends in 
degradation and reduced sediment loads in the river. 
11. Budget.  While this strategy assumes that adequate budget will be available to implement 
recommendations, in any given year the budget afforded to this sub-program as well as to 
the overall MRRP is uncertain. 
2.4 Science Questions 
The MRRP Integrated Science Program has developed a series of science questions to help direct 
monitoring and investigations in order to address the uncertainties highlighted in the preceding 
subsection.  The following science questions are related to the ESH sub-program and the two 
target species (least terns and piping plovers): 
 
• What are the population trends of interior population of least tern and Northern Great 
Plains population of the piping plover? 
• How are management actions affecting tern and plover productivity and population 
numbers? 
• What other opportunities exist to positively affect tern and plover productivity and 
population numbers? 
• What are the trends in habitat availability on the system? 
• What factors influence nest site selection, productivity and populations trends?  
• How are factors outside of the Missouri River affecting populations? 
• What are the effects of management actions on non-target resources? 
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3. Monitoring Data 
3.1 Tern and Plover Population and Productivity 
 
The Missouri River Recovery Least Tern and Piping Plover Data Management System (DMS; 
https://rsgis.crrel.usace.army.mil/intro/dms.dmsintro.main) contains annual monitoring data 
collected over a 15-year period from 1995 through 2010.  In this analysis, these data were used to 
organize estimates of tern and plover population sizes and fledge ratios by year and pooled over 
the MRMS (Table 3.1).  From 1995 to1997, fledge ratios and population sizes for terns and 
plovers were generally the lowest during the period of data collection (Figure 3.1 and 3.2).  
Fledge ratios for plovers peaked during 2002, and ratios were above the target value of 1.22 for 6 
of 7 years during 1998–2004.  Fledge ratios for terns peaked during 1998, and were above the 
target value of 0.94 for approximately 50% (8 of 15 years) of the time period of interest.  Plover 
population size increased at a greater annual rate than terns, with population sizes peaking during 
2005 and 2007 for plovers and terns, respectively.  
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Table 3.1  Population characteristics of piping plovers and interior least terns in the Missouri 
River Mainstem System, USA, based on monitoring data, 1986–2010.  Bold text indicates 
observed values exceeded target values. 
  Plover Tern 
Year Population Size Fledge Ratio Population Size Fledge Ratio 
Target 1,139 1.22 900 0.94 
1986 344 0.07 393 0.23 
1987 365 0.70 492 0.58 
1988 576 0.71 557 0.60 
1989 438 0.32 531 0.50 
1990 521 0.90 634 0.38 
1991 625 0.55 702 0.43 
1992 480 0.93 690 0.42 
1993 409 0.58 694 0.50 
1994 347 0.61 760 0.34 
1995 393 0.68 599 0.67 
1996 191 0.33 460 0.16 
1997 82 0.69 458 0.52 
1998 472 1.56 629 1.74 
1999 541 0.98 574 1.40 
2000 792 1.59 557 1.24 
2001 1,048 1.41 641 1.06 
2002 1,136 1.89 727 1.28 
2003 1,313 1.54 741 0.87 
2004 1,587 1.49 722 0.95 
2005 1,764 1.16 904 1.09 
2006 1,311 0.77 802 0.78 
2007 1,251 0.66 1,010 0.75 
2008 1,281 1.05 782 0.98 
2009 906 0.94 696 0.80 
2010 601 1.00 658 1.03 
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Figure 3.1 Plover fledge ratios and population sizes as a function of year for piping plovers and 
interior least terns in the Missouri River Mainstem System, USA, during 1986-2010.  Dashed 
lines indicate target values. 
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Figure 3.2 Tern fledge ratios and population sizes as a function of year for piping plovers and 
interior least terns in the Missouri River Mainstem System, USA, during 1986-2010.  Dashed 
lines indicate target values. 
 
 
Several patterns emerged when plotting fledge ratio as a function of population size for both terns 
and plovers (Figure 3.3).  For example, low fledge ratios and population sizes were associated 
with 1995–1997, high fledge ratios and intermediate population sizes with 1998–2003, and 
intermediate fledge ratios and high population sizes with 2004–2009.  This is consistent with 
Hypothesis 1 about bird population dynamics (see Section 1.3.2).  As nest density increased (with 
habitat quantity either decreasing or remaining stable), productivity declined, which implies a 
density-dependent effect.  If this hypothesis were true, we would expect fledge ratios to stabilize 
at some point less than maximal as population density increases.  At that point, population size 
could be high or low depending on quantity of nesting habitat.  Essentially, a high fledge ratio 
would only be associated with increasing population size until that population filled all available 
habitat.  This suggests that construction of new sandbars should result in relatively high initial 
fledge ratios, but then ratios would eventually decline, even if habitat conditions were of constant 
high quality.  2010 produced smaller population sizes and moderately increased fledge ratios.  In 
Gavins Point and Ft Randall Segments, high flows limited the amount of habitat available for 
nesting birds in 2010 (table 3.4). 
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Figure 3.3  Fledge ratio as a function of population size for (A) piping plovers and (B) interior 
least terns in the Missouri River Mainstem System, USA, during 1995-2010.  Data are stratified 
by time periods (open circle = 1995–1997, 1998–2000 = diamond, 2001–2003 = square, 2004–
2010= triangle). 
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3.2 ESH Area 
ESH area was estimated using habitat delineations from aerial and/or satellite imagery.  Flow 
corrections were applied to data when needed.  Flow correction is needed due to the following 
factors: 
1) Satellite imagery is generally captured at different times for different reaches within river 
segments, and in most cases the flow at the time of imagery is different.  Totaling acres for 
a reach from imagery at different times would give an inaccurate result and may not 
represent conditions experienced by birds during the nesting season. 
2) Even if all imagery were taken at the same flow, it may not be the flow that is most 
significant for the birds.  The ESH PDT agreed that the maximum July flows are the most 
limiting to bird productivity, so area is corrected to the maximum July flow each year.  
3) The maximum July flows may differ greatly from year to year.  Flow correction to a 
baseline acreage allows tracking of the physical structure of ESH over time, reducing 
uncertainties associated with rates of erosion and vegetation encroachment. 
The 2005 acreage below is from the habitat delineation conducted for the ESH PEIS which was 
conducted for aerial photo sets taken at a single point in time and was not flow corrected.  2006-
2009 acreage estimates are based on delineations conducted by USGS, which have corrected to 
baseline reservoir outflows and maximum July reservoir outflows in the designated years.  
Acreage in Table 3.2 is corrected to July flows in order to estimate the amount of nesting habitat 
for terns and plovers and foraging habitat for plovers available each year.  Baseline reservoir 
outflows are derived from historical conditions, specifically the average of maximum July flows 
among those years where Gavins is at or near full navigation (33-37 kcfs).  For baseline 
measurements, the same flows are used each year in order to compare the change in ESH 
structure over time.  Acres for 2010 are modeled based on assumed loss rates and flow corrected. 
Table 3.2  ESH baseline area estimates for 2005-2010.  Baseline flows are 10.6 kcfs for Ft Peck, 
22.1 for Garrison, 33.5 for Ft Randall, and 35 for Gavins. (Note: These numbers do not represent 
conditions on the system in the denoted years.  They are provided only as a method of comparing 
trends in ESH absent of flow effects). 
Segment 
Target 
(Alt 5) 2005 2006 2007 2008 2009 20101 
2010 
Variance 
from 
Target 
Gavins Point (35.0 kcfs) 570 298 419 274 563 219 268 -302 
Lewis and Clark Lake  80 142 17 487 125 220 110 30 
Fort Randall (33.5 kcfs) 135 14 125 134 64 13* 41 -94 
Garrison (22.1 kcfs) 500 145 349 242 171 227 204 -296 
Fort Peck (10.6 kcfs) 30 193 87 143 95* 44* 37 7 
Total 1315 793 997 1304 1024 739 660 -655 
1 Acreage measurements for 2010 were not available; this number represents a projection of acreage available due to 
measured flows and assumed loss rates. 
* Imagery was incomplete for this reach and year, thus reported acreages are likely underestimates of actual acreage. 
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Baseline ESH acreage in 2010 continues a trend of decreasing over time, as loss of habitat to 
vegetation and erosion outweighs the amount of habitat created in recent years.  Habitat estimates 
for 2008 and 2009 may be underestimates due to incomplete imagery in Fort Peck and Fort 
Randall reaches.  Additional uncertainty in baseline habitat estimates is due to the inherent 
uncertainty in current flow correction curves, which are outdated in many segments, and the fact 
that the imagery used for habitat delineations was taken during a wide range of flows.   
To examine the role of river stage during the nesting season (i.e. the amount of habitat available 
to the birds), the estimates were corrected to the maximum July flow observed in each year. 
Table 3.3  Flows for Available Acreage (2005:  flows for habitat delineation; 2006-2010:  July 
maximum outflows from upstream reservoir) 
 2005 2006 2007 2008 2009 2010 
Gavins Point 21,000 31,300 24,500 19,000 27,500 38,000 
Ft Randall 14,700 32,700 23,100 18,800 26,100 36,400 
Garrison 15,150 21,200 16,500 14,500 16,300 16,300 
Ft Peck 5,500 8,800 7,500 7,500 6,900 7,100 
Table 3.4  Available ESH  estimates (acres) for 2005 – 2010 based on habitat measurements.  
Bold numbers indicate years where ESH area was above targets. 
 
AVAILABLE ACREAGE 
Segment 
Target 
(Alt 5) 2005 20061 20071 20081 20091 20102 
2010 
Variance 
from 
Target 
Gavins Point 570 880 409 454 1207 314 231 -339 
Lewis and Clark Lake 80 142 17 487 125 220 110 30 
Fort Randall 135 128 137 444 346 30* 22 -113 
Garrison 500 588 409 725 763 707 544 44 
Fort Peck 30 247 184 522 346* 206* 282 252 
Total 1315 1985 1156 2632 2787 1477 1189 -126 
1 Acreages for 2006-2009 were flow corrected to compensate for differences flows at the time of data collection. 
2 Acreage measurements for 2010 were not available; this number represents a projection of acreage available due to 
measured flows and assumed loss rates. 
* Imagery was incomplete for this reach and year, thus reported acreages are likely underestimates of actual acreage. 
ESH acreage available for nesting on the system is estimated to have declined by approximately 
288 acres between 2009 and 2010.  This change may be partly attributed to losses from erosion 
and vegetation, but is believed to be largely due to increased releases from the Gavins Point and 
Ft. Randall reservoirs associated with increased runoff in the basin.  Conversely, the higher 
acreage estimates in 2008 are largely associated with decreased releases in the Gavins Point, Ft. 
Randall, and Garrison segments required to alleviate downstream flooding in that year.  In 2010, 
Gavins Point and Ft. Randall segments were both below acreage targets associated with 
Alternative 5 in the ESH Programmatic EIS. 
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Figure 3.4  Baseline and available acreage for 2005-2010.  Available acreage is adjusted to July 
maximum flows for each year except 2005.  Baseline acreage is adjusted to historical July flows 
during years when Gavins Point discharges were at full service navigation. 2010 acres are 
projections using the ESH model of erosion, vegetation, and discharge/area relationships. 
3.3 Comparison of Population Density and Fledgling Production 
 
Monitoring of population size, fledge ratio, and ESH area during the nesting season allows 
examination of Hypothesis 1 (Section 1.3.2), which can be summarized that decreasing the 
population density of nesting birds through increased habitat availability should result in an 
increase in productivity. To do this, the observed density of birds (number of adults/acres of ESH) 
was compared with the observed fledge ratio (number of fledglings/pair of adults) for each reach 
and year to see whether birds are more productive at lower densities (Figure 3.5).  Both species 
appear to exhibit some density dependent productivity at the reach scale in Garrison (R2 = 0.71, 
plovers, and 0.54, terns) and weakly for Gavins Point (R2 = 0.12, plovers and 0.2, terns).  Density 
dependence is very weak (terns) or reversed (plovers) for Ft. Randall reach, and strong for terns 
(R2 = 0.81) at Lewis and Clark Lake but not observed for plovers.  However, it is likely that 
examining productivity and density at the reach scale may poorly estimate density dependence for 
plovers, for whom the scale of interaction is more accurately the sandbar, particularly for 
unfledged chicks competing for forage.  As adult terns forage for their unfledged chicks on 
broader spatial scales, it is reasonable to expect their population interactions may take place more 
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broadly as well.  Further analysis of habitat availability, nesting, and productivity at various scales 
will be necessary to further explore the relationship between ESH available for nesting and fledge 
ratios. 
 
 
 
Figure 3.5  Plover and tern density and fledge ratios for each reach and year from 2005-2009 
(Gavins) and 2006-2009 (Fort Randall, Fort Peck, and Garrison.) 
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3.4 Comparison of Populations and Estimated Acreage 
 
The following graphs and charts depict estimated ESH acreages with populations and fledglings 
per segment.  Acreage derived from habitat delineations based on aerial or satellite imagery is 
denoted by bold text and acreage estimated based on model assumptions of loss due to erosion 
and vegetation encroachment is denoted by text in italics.   All acreage estimates based on model 
assumptions as well as those derived from habitat delineations after 2006 are corrected to reflect 
flow conditions on the system during the nesting season (July maximum flows) of the given 
years. 
 
 
 
Figure 3.6 Estimated available riverine acres (including Gavins Point, Lewis and Clark Lake, Ft. 
Randall, Garrison and Ft Peck Segments) with tern and plover population numbers and fledged 
chicks in those segments. 
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Table 3.5  Data for 
Figure 3.6 Riverine 
Acres 
 
Terns Plovers 
Year 
System Storage 
(MAF) 
Estimated 
Acres Adults Chicks FR Adults Chicks FR 
1998 62.31 6,054 486 393 1.62 241 238 1.98 
1999 65.17 3,668 500 351 1.40 402 204 1.01 
2000 56.21 3,604 450 297 1.32 369 298 1.62 
2001 54.67 6,280 476 314 1.32 426 333 1.56 
2002 48.25 1,995 510 306 1.20 458 458 2.00 
2003 44.43 3,087 570 334 1.17 472 432 1.83 
2004 37.83 3,661 630 243 0.77 458 349 1.52 
2005 38.52 1,985 747 430 1.15 628 452 1.44 
2006 37.74 1,155 613 217 0.71 530 197 0.74 
2007 39.32 2,632 769 315 0.82 563 185 0.66 
2008 45.84 2,797 657 332 1.01 636 423 1.33 
2009 57.72 1,477 602 237 0.79 651 377 1.16 
2010 65.71 1,189 413 334 1.62 449 285 1.27 
 
 
 
Figure 3.7 Estimated ESH acres for Gavins Point segment with tern and plover population 
numbers and fledged chicks in that segment. 
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Table 3.6  Data for 
Figure 3.7Gavins 
Point 
 
Terns Plovers 
Year Flow (cfs) 
Estimated 
Acres Adults Chicks FR Adults Chicks FR 
1998 26,000 2,944 144 149 2.07 51 52 2.04 
1999 36,200 1,242 161 183 2.27 147 110 1.50 
2000 31,500 1,760 202 172 1.70 186 203 2.18 
2001 27,000 1,100 206 176 1.71 218 198 1.82 
2002 25,600 907 232 127 1.09 260 288 2.22 
2003 28,000 2,120 314 207 1.32 286 277 1.94 
2004 26,500 1,216 366 138 0.75 262 245 1.87 
2005 21,000 880 476 318 1.34 340 335 1.97 
2006 31,300 408 383 121 0.63 309 121 0.78 
2007 24,500 454 410 119 0.58 300 59 0.39 
2008 19,000 1,207 278 159 1.14 324 222 1.37 
2009 27,500 314 211 105 1.00 238 130 1.09 
2010 34,000 231 129 93 1.44 72 69 1.92 
 
Acres for the Gavins Point segment generally decreased from 1998 to 2010.  Mechanically 
constructed habitat was added to this segment in 2005 and 2008-2010. 
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Figure 3.8  Estimated ESH acres for Lewis and Clark Lake segment with tern and plover 
population numbers and fledged chicks in that segment. 
 
Table 3.7  Data for Figure 3.8 
Lewis and Clark Lake 
 
Terns Plovers 
Year 
Reservoir 
Elevation (ft) 
Estimated 
Acres Adults Chicks FR Adults Chicks FR 
1998 1,207.2 566 116 129 2.22 83 102 2.46 
1999 1,208.2 574 76 8 0.21 67 10 0.30 
2000 1,206.3 287 10 3 0.60 26 7 0.54 
2001 1,207.2 144 46 34 1.48 28 11 0.79 
2002 1,205.7 72 42 24 1.14 42 36 1.71 
2003 1,207.1 36 46 9 0.39 14 11 1.57 
2004 1,207.2 586 13 0 0.00 0 0 0.00 
2005 1,206.8 142 4 0 0.00 24 2 0.17 
2006 1,206.6 17 0 0 0.00 4 1 0.50 
2007 1,207.1 487 85 67 1.58 20 18 1.80 
2008 1,206.8 125 226 75 0.66 58 39 1.34 
2009 1,207.7 220 214 81 0.76 122 110 1.80 
2010 1,208.6 110 126 137 2.17 97 95 1.96 
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Acres in the Lewis and Clark Lake segment.  The acreage estimate for 2004, which was taken 
from a USGS publication (Elliott and Jacobson, 2006), may over-represent available habitat based 
on observational evidence.  Mechanically constructed habitat was added to this segment in 2007-
2009.   
 
 
Figure 3.9  Estimated ESH acres  for Ft. Randall segment with tern and plover population 
numbers and fledged chicks in that segment. 
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Table 3.8  Data for Figure 3.9 
Ft. Randall 
 
Terns Plovers 
Year Flow (cfs) 
Estimated 
Acres Adults Chicks FR Adults Chicks FR 
1998 22,000 295 64 13 0.41 33 22 1.33 
1999 24,000 746 124 64 1.03 51 26 1.02 
2000 30,800 189 106 67 1.26 62 27 0.87 
2001 22,600 413 71 5 0.14 38 14 0.74 
2002 28,200 248 84 30 0.71 39 18 0.92 
2003 25,200 254 44 14 0.64 37 27 1.46 
2004 26,000 867 61 13 0.43 42 15 0.71 
2005 14,700 128 76 18 0.47 42 20 0.95 
2006 32,700 137 55 19 0.69 37 7 0.38 
2007 23,100 444 74 11 0.30 21 0 0.00 
2008 18,800 346 58 33 1.14 36 13 1.00 
2009 26,100 30 23 5 0.43 16 8 1.00 
2010 36,400 22 10 0 0.00 6 0 0.00 
 
 
Figure 3.10  Estimated ESH acres  for Garrison segment with tern and plover population numbers 
and fledged chicks in that segment. 
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Table 3.9  Data for Figure 3.10 
Garrison 
 
Terns Plovers 
Year Flow (cfs) 
Estimated 
Acres Adults Chicks FR Adults Chicks FR 
1998 20,100 2,066 137 85 1.24 70 60 1.89 
1999 30,100 223 99 79 1.60 132 58 0.88 
2000 24,000 628 99 54 1.09 91 61 1.34 
2001 14,000 3,137 114 79 1.39 139 108 1.55 
2002 21,200 490 118 115 1.95 115 116 2.02 
2003 21,700 402 128 92 1.44 129 109 1.69 
2004 18,200 697 142 80 1.13 154 89 1.16 
2005 15,150 588 157 57 0.73 220 91 0.83 
2006 21,200 409 139 56 0.81 175 67 0.77 
2007 16,500 725 123 65 1.06 222 108 0.97 
2008 14,500 773 73 49 1.34 218 149 1.37 
2009 16,300 707 108 26 0.48 275 129 0.94 
2010 16,300 544 123 91 1.48 274 121 0.88 
 
 
Figure 3.11  Estimated ESH acres  for Ft. Peck segment with tern and plover population numbers 
and fledged chicks in that segment. 
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Table 3.10  Data for Figure 3.11 
Ft. Peck 
 
Terns Plovers 
Year Flow (cfs) 
Estimated 
Acres Adults Chicks FR Adults Chicks FR 
1998 10,912 183 25 17 1.36 4 2 1.00 
1999 10,100 883 40 17 0.85 5 0 0.00 
2000 9,300 740 33 1 0.06 4 0 0.00 
2001 6,400 1,486 39 20 1.03 3 2 1.33 
2002 9,200 278 34 10 0.59 2 0 0.00 
2003 8,600 275 38 12 0.63 6 8 2.67 
2004 7,800 295 48 12 0.50 0 0 0.00 
2005 5,500 247 34 37 2.18 2 4 4.00 
2006 8,800 184 36 21 1.17 5 1 0.40 
2007 7,500 522 77 53 1.38 0 0 0.00 
2008 7,500 346 22 16 1.45 0 0 0.00 
2009 6,900 206 46 20 0.87 0 0 0.00 
2010 7,100 282 25 13 1.04 0 0 0.00 
 
 
Table 3.11  Estimated change in reservoir habitat availability (increase or decrease) for Lake 
Oahe with tern and plover population numbers and fledged chicks in that segment. 
 
 
Lake Oahe 
 
Terns Plovers 
Year 
Reservoir 
Elevation (ft) 
Change in 
Reservoir Habitat 
Availability Adults Chicks FR Adults Chicks FR 
1998 1,612.90 Increase 119 71 1.19 102 55 1.08 
1999 1,617.70 Decrease 63 25 0.79 54 10 0.37 
2000 1,607.50 Increase 91 43 0.95 146 111 1.52 
2001 1,608.80 Decrease 105 63 1.20 194 136 1.40 
2002 1,596.80 Increase 114 70 1.23 207 223 2.15 
2003 1,588.90 Increase 86 42 0.98 321 300 1.87 
2004 1,581.80 Increase 73 46 1.26 382 268 1.40 
2005 1,578.40 Increase 131 57 0.87 364 220 1.21 
2006 1,577.80 Increase 128 73 1.14 331 164 0.99 
2007 1,583.20 Decrease 186 45 0.48 273 84 0.62 
2008 1,594.30 Decrease 111 32 0.58 281 127 0.90 
2009 1,613.90 Decrease 71 34 0.96 158 37 0.47 
2010 1,617.90 Decrease 38 4 0.21 40 2 0.10 
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Table 3.12  Estimated change in reservoir habitat availability (increase or decrease) for Lake 
Sakakawea with tern and plover population numbers and fledged chicks in that segment. 
 
Lake Sakakawea 
 
Terns Plovers 
Year 
Reservoir 
Elevation (ft) 
Change in 
Reservoir Habitat 
Availability Adults Chicks FR Adults Chicks FR 
1998 1,843.50 Increase 23 12 1.04 119 74 1.24 
1999 1,847.40 Decrease 9 3 0.67 83 52 1.25 
2000 1,838.40 Increase 10 1 0.20 273 223 1.63 
2001 1,834.70 Increase 34 13 0.76 424 265 1.25 
2002 1,831.90 Increase 21 9 0.86 469 388 1.65 
2003 1,827.30 Increase 25 7 0.56 503 279 1.11 
2004 1,817.30 Increase 16 7 0.88 738 552 1.50 
2005 1,817.70 Decrease 26 4 0.31 746 333 0.89 
2006 1,817.40 Increase 48 17 0.71 430 131 0.61 
2007 1,818.30 Decrease 53 19 0.72 399 140 0.70 
2008 1,826.00 Decrease 14 18 2.57 363 124 0.68 
2009 1,842.60 Decrease 15 8 1.07 85 9 0.21 
2010 1,851.40 Decrease 11 0 0.00 38 17 0.89 
 
 
Table 3.13 Estimated change in reservoir habitat availability (increase or decrease) for Ft. Peck 
Lake with tern and plover population numbers and fledged chicks in that segment. 
 
Ft Peck Lake 
 
Terns Plovers 
Year 
Reservoir 
Elevation (ft) 
Change in 
Reservoir Habitat 
Availability Adults Chicks FR Adults Chicks FR 
1998 2,240.5 Increase 4 0 0.00 4 0 0.00 
1999 2,238.3 Increase 0 0 0.00 2 2 2.00 
2000 2,234.4 Increase 4 1 0.50 2 2 2.00 
2001 2,223.0 Increase 0 0 0.00 4 2 1.00 
2002 2,220.4 Increase 0 0 0.00 2 2 2.00 
2003 2,213.7 Increase 2 0 0.00 17 3 0.35 
2004 2,204.8 Increase 0 0 0.00 9 10 2.22 
2005 2,203.7 Increase 0 0 0.00 26 14 1.08 
2006 2,206.3 Decrease 2 3 3.00 20 12 1.20 
2007 2,203.2 Increase 2 0 0.00 16 4 0.50 
2008 2,210.1 Decrease 0 0 0.00 9 1 0.22 
2009 2,220.6 Decrease 0 0 0.00 12 2 0.33 
2010 2,235.8 Decrease 0 0 0.00 3 0 0.00 
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3.5 Report Card Table for 2010 
Table 2.2 contains a summary of the 2010 monitoring data and comparison against the 
performance metrics identified in the draft ESH AM Strategy).  In 2010, observed values for 
fledge ratios for plovers were below the target but were slightly above target for terns.  Population 
sizes for both species were below the targets.  Estimated ESH area was also below the current 
target associated with Alternative 5 of the Programmatic EIS.  The values in the table are color 
coded as to the extent to which the metric is being achieved.  Green indicates that the metric is 
being achieved, yellow indicates that the metric is close to being achieved (less than 10% below 
the target), and red indicates that the metric is not being achieved (greater than 10% below target). 
Table 3.14 Comparison of target and observed (from monitoring data) values for performance 
metrics from the draft ESH AM Strategy. 
Objective Performance Metric Target  2010 Value 
Change from 
Previous Year b 
3-Year 
Average 
1 Plover Fledge Ratio 1.22 1.01 7% 1.01 
1 Tern Fledge Ratio 0.94 1.03 29% 0.94 
2 
Plover Population 
Growth Rate λ > 1 0.67a −17% 0.80 
2 
Tern Population 
Growth Rate λ > 1 0.95a −26% 0.87 
2 Plover Population Size 1,139 604 −33% 930 
2 Tern Population Size 900 658 −5% 692 
3 
Amount of ESH 
(acres) 1,315 1,189 c −19% 1,821 
4 
Area affected by 
construction (annual 
yd3) <960,712 290,000 -74% 1,140,290 
5 Reduce uncertainty 
Minimize 
CVd 
Plover: 17.71 
Tern:  6.60 
Plover: -0.1% 
Tern:  -1.5% - 
aPopulation growth rate (λ) for year t is the population size at year t + 1 divided by the population 
size at year t. 
bPercent change = (Value at year t + 1 – Value at year t)/Value at year t × 100. 
cAcreage measurements for 2010 were not available; this number represents an estimate of 
acreage available due to measured flows and assumed loss rates. 
d CV of population sizes projected forward five years from current year (e.g. 2010-2015). 
3.6 Decision Matrix 
 
The Decision Matrix (Table 2.3) assesses the status of tern and plover recovery based upon the 
current fledge ratio (FR), growth rate (λ), population size (N) and acreage of nesting habitat in 
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relation to equilibrium values (FR and λ) or target values (N and acreage).  The use of ≈ indicates 
that a range of tolerance could be specified, e.g., the population is within 5% of target size.  Each 
potential state is classified according to the management trajectory it lies on, in reference to the 
species objective (achieve target population) and habitat objective (minimize construction): 
 
Optimal:  species objectives are/will be met while optimizing habitat creation 
 
Overbuilding:  species objectives are/will be met, but habitat creation is not efficient (creating 
too much or too rapidly) 
 
Underbuilding:  species objectives will not be met unless habitat creation is accelerated. 
 
Reversal:  species objectives currently met, but population decline is imminent due to 
decreasing habitat quantity or quality 
 
Unexpected:  unforeseen outcomes; model may require revision 
 
In each case, the outcomes are either largely consistent with expectations under the current 
hypotheses, or inconsistent to some degree.  If the outcome is consistent with the hypotheses, it 
does not mean that no adjustment of ESH program actions is necessary.  This should be 
considered a very coarse comparison, and new information can always disprove our hypotheses.  
However, if the hypotheses are inconsistent with the outcomes at this coarse level of comparison, 
then a substantial revision of the hypotheses about the response of the system to habitat 
restoration is warranted, including development of new hypotheses about the underlying 
dynamics.  The matrix currently assumes that the hypothesis about bird dynamics that increases 
in area of sandbars increase quantity of nesting habitat for terns, and nesting/foraging habitat for 
plovers, thereby causing a positive response in fledge ratios, is true.  The matrix makes no 
assertions about hypotheses related to nest-site selection or dispersal among reaches and regions.  
The table is color-coded to distinguish the extent to which biological and habitat related 
objectives are being met or desired progress is being made.  Dark green squares indicate that both 
acreage objectives and biological objectives are being met or that desired progress is being made 
towards these objectives.  Light green squares indicate that biological objectives are being met but 
that more habitat than is needed to meet the targets is being constructed.  Red squares indicate 
that not enough habitat is being constructed to meet the biological objectives and orange squares 
indicate that habitat quantities or qualities are declining which may show a need for enhanced 
maintenance activities and/or increase of the acreage target. 
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Table 3.15 Decision Matrix assessing the status of piping plover and interior least tern population 
recovery in the Missouri River Mainstem System, USA.  Outcomes that are inconsistent with the 
current hypotheses are indicated with a statement of how the outcome differs from expected.  The 
currently observed outcome is outlined in red. 
 
 Acreage < target Acreage ≈ target 
GROWING 
POPULATION  
 
Fledge ratio  
>  equilibrium 
  
Growth rate 
>  1 
 
Population 
≥ target 
Unexpected (Target too high) 
Much less density dependence than 
expected 
Actions:  Maintain habitat and reduce 
acreage target   
Overbuilding (Target too high) 
Less density dependence than expected 
 
Actions: Maintain habitat, consider 
reducing acreage target 
Population 
< target 
Optimal (Growth) 
System responding as predicted 
 
Actions: Continue with current habitat 
creation plan 
Overbuilding (Building too fast) 
Population growth limited by factors 
other than habitat  
Actions: Maintain acreage and monitor 
population response 
STABLE 
POPULATION 
 
Fledge ratio  
≈  equilibrium 
 
Growth rate  
≈  1 
 
 
Population 
≥ target 
Overbuilding (Target too high) 
Less density dependence than expected 
 
Actions: Maintain habitat, consider 
reducing acreage target 
Optimal (Stability) 
System, responding as predicted 
 
Actions: Maintain habitat 
Population 
< target 
Underbuilding (Building too slow) 
 
Actions: Continue habitat creation, 
consider increasing pace  
Underbuilding (Target too low) 
More density dependence than 
expected 
 
Actions: Increase acreage target or 
improve habitat quality 
DECLINING 
POPULATION 
 
Fledge ratio 
<  equilibrium 
 
Growth rate 
<  1 
Population 
≥ target 
Reversal (Not maintaining habitat) 
Habitat was sufficient but quantity is 
now declining 
Actions: Reconstruct habitat, improve 
maintenance   
Reversal (Not maintaining habitat) 
Habitat was sufficient but quality is 
decreasing 
Actions: Improve habitat quality or 
increase acreage target 
Population 
< target 
Underbuilding (Building too slow) 
 
 
Actions: Increase pace of habitat 
creation 
Unexpected (Target too low) 
Much more density dependence than 
expected 
Actions: Increase acreage target, 
and/or improve habitat quality 
3.7 Summary of Anecdotal Observations and Unpublished Data 
3.7.1 System conditions 
The 2010 nesting season was marked by high water in the Gavins Point and Ft. Randall segments 
and increases in reservoir water elevations in Lake Oahe, Lake Sakakawea and Ft. Peck Lake.  
Flows in the Garrison and Ft Peck river segments remained relatively low.  While Lewis and 
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Clark Lake had somewhat increased reservoir levels during the nesting season, the pool remained 
relatively stable.  Recently constructed bars in the Gavins Point segment at RM 781, 781.4 and 
791 provided some of the only exposed, high quality nesting habitat in that segment during the 
peak of the high water.  In addition, power-peaking flow fluctuations were reduced in some river 
segments due to system conditions.  In the fall of 2010, Garrison was experiencing higher flows 
than may be seen during the 2011 nesting season which may form new habitat or scour existing 
habitat. 
3.7.2 Construction Methodologies 
 
There had been discussions in 2006 and 2007 about building lower elevation sandbars in Gavins 
Point segment, a method that had been tested at RM 795.5 by including nesting platforms at three 
different elevations.  Sandbars built at these lower elevations in the Gavins Point segment would 
not have been exposed this year. 
3.7.3 Pilot Projects 
Preliminary results from the vegetation modification study indicate that all methodologies have 
been successful at reclaiming bare sand habitat within the test plots.  All methods tested involve 
mechanical removal of vegetation in the fall and use of pre-emergent herbicides in the Spring.  
Some methods also include the use of an additional herbicide prior to fall vegetation removal.  In 
addition, one method involves the removal of debris after vegetation removal and one involves 
overtopping with clean sand after vegetation removal. 
 
Efforts were undertaken in the summer of 2010 to construct ESH through the placement of 
geotextile tubes in the channel to cause deposition of material under high flow conditions, which 
proved more difficult than previously expected.  These tubes are currently slated for removal in 
the winter or early spring of 2011.  
The ESH PDT noted that some of the sites previously created under the ESH sub-program had 
experienced declines in quality.  At RM 826.3, which was constructed in 2006/2007 in the Lewis 
and Clark Lake segment, the north bar is now heavily vegetated and it is thought that this may be 
causing a mink predation problem at adjacent sandbars.  Trapping mink at this site had limited 
success.  This vegetated section is approximately 26 acres in size and has willows up to 16 feet 
tall.  A controlled burn was attempted at this site in the Spring of 2010, however it was 
unsuccessful.  In addition, there has been vegetation encroachment at the other sandbars in this 
complex.  Vegetation encroachment was also noted as a problem at sites in the Gavins Point 
segment including RM 761.3, constructed in 2004/2005, and the existing sandbar at RM 777.7 
which is  situated between the two mechanically created sandbars constructed in 2007/2008. 
3.7.4 Non-target Impacts 
Two non-target impacts were identified that may warrant further investigation.  In the Gavins 
Point segment, impacts to mussels are an area of concern for some stakeholders.  The last mussel 
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survey that was conducted in this segment was in 2007.  In addition, rates of bank erosion may be 
increasing due to high flows in this and other segments.  This has resulted in an increase in 
requests for bank stabilization in the Missouri National Recreational River with some claims of a 
connection to constructed ESH.  
3.8 Recommendations 
 Increase the rate of habitat construction based on the decision matrix. ESH creation work 
in 2010 did not appear to be sufficient to supplement natural habitat as an overall loss in 
ESH on the system is estimated due to both loss rates and changes in flow on the system.   
 Gavins Point Segment and then Ft. Randall Segment should be the highest priority for 
construction of additional acreage based on the targets associated with Alternative 5 of the 
ESH PEIS. However, high flows in both of these segments may have created additional 
habitat so further investigation is warranted.  Garrison segment may also be a high priority 
as the “baseline” acreage has a high deficit from the target. 
 Based on preliminary results from the vegetation-modification study, implementing 
vegetation modifications at the full-site scale as a pilot project may be warranted.  If 
implemented, sites should be cleared and then sprayed with a pre-emergent herbicide at a 
minimum. 
 Any overtopped sites should also be sprayed with pre-emergent herbicide in the Spring in 
order to reduce the potential for and rate of subsequent vegetation encroachment. 
 Previously created sandbar complexes including 761.3, 777.7 and 826.3 should be cleared 
of vegetation in order to improve usage and productivity at these sites. 
 A pilot project, or series of pilot projects, should be designed to test the benefits of not 
maintaining created bars and reclaiming them years later (similar to RM 761.3) as 
opposed to pro-active maintenance of created bars.  This experiment should test 
uncertainties related to predation levels, productivity, population use, and vegetation rates. 
 Explore the potential to reduce power-peaking flows out of Ft. Randall and Garrison to 
improve habitat availability and reduce erosion in these segments. 
 Undertake investigations to update the habitat-flow curves for all segments to improve the 
ability to flow-correct.  Garrison should be the highest priority for this effort as it is 
second largest segment, has relatively high nesting usage, and the flow-curve currently 
uses data from the early 1990’s. 
 Consider conducting a new Gavins Point mussel survey in order to build upon previous 
work and better understand the potential for impacts from ESH construction efforts to the 
mussel population and identify areas with higher potential for impacts. 
 Undertake investigations on the potential for constructed ESH sites to cause bank erosion 
in the Gavins Point Segment. 
 Conduct surveys following the high flows in Gavins Point, Ft. Randall and Garrison 
segments to determine changes in habitat including vegetation cover, area and elevation 
including the effectiveness of these flows at “scouring” or “conditioning” sandbars.  At a 
minimum, comparisons of 2010 and 2011 habitat delineations should be made to 
determine changes in sandbar area and vegetation cover. 
 Consider building high elevation sandbars in the reservoirs during the next drought cycle 
that will provide habitat in those areas when the reservoirs fill again.  Overtopping of 
existing islands may be a potential method for accomplishing this. 
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4. Review of Construction Activities and After Action Reports 
4.1 Report Card on Construction 
During 2004–2010, the total amount of planned and completed construction of ESH was 847 
acres, or an average construction rate of 169 acres/year in years where construction took place 
(Table 3.1).  However, this average is heavily influenced by the year 2008, when 433 acres were 
constructed.  In 2009-2010, approximately 104 acres were created which were available for the 
2010 nesting season.  This is below the target associated with Alternative 5 of 164 acres / year. 
Table 4.1 ESH Construction 2004-2010 
Year 
Completeda 
River Mile Location Construction Type Acresb Cubic Yards 
2004 754 SD, NE Mechanical Creation 38 533,240 
2005 761.3 SD, NE Mechanical Creation 43 235,086 
2005 770 SD, NE Mechanical Creation 72 300,000 
2008 775 SD, NE Mechanical Creation 44 220,000 
2008 777.7 SD, NE Mechanical Creation 74 631,425 
2008 791.5 SD, NE Mechanical Creation 40 180,418 
2008 827 SD, NE Mechanical Creation 157 1,003,275 
2009 774 SD, NE Mechanical Creation 49 302,371 
2009 795.5 SD, NE Mechanical Creation 76 250,000 
2009 826 SD, NE Mechanical Creation 150 543,380 
2010 781 SD, NE Mechanical Creation, 
Overtopping 
40 
170,000 
2010 781.4 SD, NE Mechanical Creation, 
Overtopping 
64 
120,000 
a Year completed is reported as the first year the sandbar was available for nesting 
bAcres estimated at 25 kcfs (flow not specified for some sites). 
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4.2 Construction at River Miles 791, 777.7, and 775 (Aug 2008) 
 
An After Action Report (AAR) (USACE 2008a) was compiled for construction of ESH at river 
miles 791, 777.7, and 775 in the Missouri River (NE and SD) during August 2007–September 
2008.  Information in this report provides guidance for improvement in construction and 
monitoring of ESH including: 
 
• Borrow sites will now be located at least 75 feet from sandbar construction sites because 
sandbars constructed with borrow material collected immediately adjacent to the sandbar 
resulted in high sandbar erosion rates and cutbanks. 
• Sites recognized as potential pallid sturgeon spawning areas or mussel beds will not be 
used for collection of borrow to construct sandbars.  This can be resolved by consulting 
the respective sturgeon and mussel location databases when sites are nominated for 
construction of sandbar complexes. 
• Organic material from backwater areas may serve as a desirable base for sandbars, which 
then would be overtopped with sand; therefore, erosion rates of such designs and 
sedimentation rates in backwater areas need to be monitored to better understand the 
ability of various sandbar landscapes to accumulate or erode organic matter. 
• Sandbar size needs to be considered not only ecologically but also logistically.  For 
example, the size of a given sandbar not only affects how long it takes to construct (where 
construction time may take >1 season), but also how long it takes to collect data during 
surveys in that increased disturbance to chicks by monitoring crews is undesirable. 
• Smaller sandbar complexes (minimum of 10 acres) will be monitored to determine if they 
have similar nesting success compared to large sandbars (over 77 acres), and constructed 
sandbars need to be monitored for changes in size or structure through time. 
4.3 Construction at River Miles 774 and 795 (Feb 2009) 
 
In February 2009, an AAR (USACE 2009) that described construction of ESH during September 
to November 2008 at river miles 774 and 795 in Nebraska and South Dakota.  Results indicated 
the following adjustments: 
 
• To potentially increase efficiency and flexibility of construction, staging sites may be 
chosen based on proximity to boat ramps (e.g., refueling construction equipment), sandbar 
size and design (e.g., sandbars requiring <250 cubic yards of material to construct) should 
be such that construction can be completed in one season. 
• Construction may be allowed when ≤5 tern or plover nests exist on the sandbar. 
• To prevent changes in current river erosion patterns, the 4-foot disturbance depth for 
dredging was confirmed as necessary. 
• Herbicides must be used on vegetation removed for construction of sandbars to reduce 
vegetation growth. 
• Coordination of teams (e.g., ESH, Cottonwood, Aquatic Habitat) needs to occur prior to 
the sandbar design stage. 
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4.4 Construction at River Miles 781 and 781.4 (Jan 2010) 
 
The most recent After Action Report (USACE 2010) coinciding with this report was for 
construction on the Missouri River (in Nebraska and South Dakota) during September–November 
2009.  To construct the 40 acre sandbar complex at river mile 781, almost 80,000 yd3 of material 
was excavated and then about 172,000 yd3 placed for construction.  One concern raised by the 
National Park Service was the potential for invasive species (e.g., Russian olive) spreading 
through seed dispersal if vegetation removed by contractors is disposed of in the river.  Disposing 
of native species in this manner did not seem to be an issue.  Also at RM781, some unexpected 
erosion was occurring on two of the sandbar islands.  The suggestion for smaller sandbars versus 
one large sandbar was again discussed, including tern and plover responses to sandbar size.  The 
64 acre sandbar complex at RM781.4 was completed soon after January 2010.  This sandbar 
complex was the result of about 44,000 yd3 of excavated sediment and 120,000 yd3 of placed 
sediment during construction.  A shift in the thalweg during construction resulted in merging two 
10-acre sandbars into one 17-acre sandbar.  This sandbar was overtopped with 1 foot of material 
from chute construction.  Monitoring sandbars every 1 to 3 years post-construction is 
recommended in the AAR to collect information about post-construction success. 
4.5 Pilot Projects 
4.5.1 Vegetation Modification  
 
A vegetation removal study was scheduled to be completed during 2011 following monitoring of 
vegetation removal (Coral Huber, personal communication).  Preliminary information was 
presented at the MRNRC Conference in Nebraska City, NE, during March 2010 (J. Stirling, 
unpublished presentation), demonstrating that several alternative techniques for vegetation 
removal were successful in the short term.  Due to high releases on the system, many of the test 
plots were inundated which did not allow for additional data collection or treatments in 2010. 
4.5.2 Overtopping  
ESH projects at RM 781 and 781.4 involved the use of overtopping – removal of vegetation from 
and placement of new material overtop existing low-elevation emergent sandbars – at some of the 
constructed sites.  These complexes also involved the construction of sandbars through traditional 
means – placement of material on shallowly submerged bars.  It was hypothesized that the 
overtopping method may result in some cost savings and require less material to be placed.  While 
no significant cost-savings was seen, the nature of the contracts used to construct the sites did not 
allow for parsing out costs or quantities associated with overtopping vs traditional creation 
methods.  In the future, this uncertainty could be resolved by constructing complexes using only 
one methodology instead of combining several methodologies at a single site.  An additional 
uncertainty associated with this methodology was the rate of vegetation encroachment.  It was 
hypothesized that bars built through overtopping may vegetate more quickly.  While incidental 
evidence suggests that the overtopped bars may have had higher rates of re-vegetation last year, it 
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is unclear whether this was due to a lack of complete spraying due to recreational use of one bar, 
some remaining low-lying areas that may not have been overtopped during construction, high 
water conditions on the system in 2010, or the construction methodology itself.  An investigation 
could be undertaken to compare pre-construction surveys with post-construction surveys to 
determine areas that were not overtopped.  Once 2010 and 2011 habitat delineations are available, 
these areas could be compared with overtopped areas and bars built using traditional creation 
methods to detect any differences in vegetation rates. 
4.5.3 Geotextile Tubes 
This methodology involves the placement of geotextile tubes in channel in order to cause 
deposition of sand under high flow conditions.  The method was implemented as a pilot project 
due to high flow conditions (45,000+ cfs) in the Gavins Point segment in the summer and fall of 
2010.  Two geotextile tubes were placed at RM 789.6 and four tubes were placed at RM 756.4.  
The cost for these projects was $710,000 and $890,000, respectively.  Each tube was filled with 
approximately 5,000 cubic yards of dredged material and will remain in place for two to six 
months depending on river conditions.  Anecdotal evidence suggests that placement of geotextile 
tubes in high flow and/or high-velocity areas provides a construction challenge. As such, it may 
be appropriate to experiment with different methods that are less susceptible to high flows and 
water velocities.  It is highly uncertain how many acres of sandbar may be formed through the 
placement of tubes at these sites.  Pre-construction surveys were conducted and follow-up surveys 
will be undertaken to determine the size and elevation of sandbars formed by placement of these 
tubes.  If these projects are considered successful, this method may be employed in the future 
under similar high water conditions. 
4.6 Summary of Lessons Learned from After Action Reports and Pilot 
Projects 
 
• Logistical requirements during construction and subsequent monitoring place an upper 
limit on the size of sandbar that can be completed. 
• Construction methods and borrow areas for sediment have the potential to influence site-
specific rates of sandbar loss due to erosion by increasing flow directly adjacent to 
constructed sandbars. 
• Areas on modified sandbars that are untreated or are not overtopped may have faster rates 
of vegetation encroachment. 
• Vegetation removal methods tested in the vegetation modification study may successfully 
recreate bare sandbar habitat if implemented properly. 
• Overtopping may not produce significant cost savings as originally anticipated due to 
additional cost of efforts associated with vegetation removal and disposal; however, it may 
still require less cubic yards, thereby reducing impacts from construction. 
• Geotubes may present construction challenges in areas of high-flow and high-water 
velocity. 
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4.7 Recommendations 
 
 To measure cost and determine site-level success, a comparison of expenditures and bird 
use/productivity between mechanically constructed sandbars, overtopped sandbars and 
vegetation-modified sandbars should be conducted.  If vegetation-modified sandbars have 
an equal or greater positive effect on bird populations, after incorporating expenditures, 
then a larger-scale effort may be warranted.  These sites should also be compared to sites 
formed by natural conditions. 
 Annual monitoring of construction projects to determine vegetation growth rates, erosion 
and deposition rates in addition to bird usage and nest success will increase efficacy of 
tern and plover management by improving knowledge of how sandbar characteristics 
change through time and will reduce uncertainties associated with the relative benefits of 
different construction methodologies. 
 Overtopping should be conducted as a stand-alone methodology to determine if there are 
cost-savings associated with this methodology. 
 Investigations should be undertaken to determine the effectiveness of geotextile tubes at 
forming ESH under high-flow conditions. 
 Consider leaving one or more geotextile tubes in place throughout the 2011 nesting season 
in order to both protect the habitat that was formed and potentially form additional habitat. 
 Consider overtopping sites formed by placement of geotextile tubes and sites formed by 
dredging in fall and winter of 2010 with additional material to raise the elevation and/or 
increasing the size of these sites to the size of the original plan.  This would help provide 
additional new habitat for the 2011 nesting season. 
 
5. Work Plan Projections 
5.1 Current Projections  
 
In 2010, the annual work plan included construction of four ESH complexes, primarily through 
overtopping, that would be available for the 2011 nesting season.  Due to high flows on the river, 
it was not possible to construct these sites through mechanical construction or overtopping.  Two 
of the planned sites were constructed using geotextile tubes during the fall and winter of 2010 
(see section 3.5.3).  The remaining two sites are planned for construction in the Spring of 2011 
which would provide additional new habitat for the 2011 nesting season; RM 842 and 759.   
 
Currently, the 2011 budget is uncertain but the annual work plan for ESH is estimated at between 
$10.6 and $12.8 million for work associated with creation and maintenance of ESH in FY 2011.  
This includes between $7.4 and $9.4 million for creation of new ESH sites, $950,000 of 
vegetation removal work and $83,000 for predator management activities. Vegetation removal 
work is planned for the Spring and Fall of 2011 which may provide additional habitat for the 2011 
and 2012 nesting seasons.  However, it should be noted that these numbers may change 
drastically due to the availability of funding and the final budgeted amount for the MRRP. 
 
New creation would likely be accomplished through a combination of both mechanical creation 
and overtopping.  Although final sites have not yet been selected, potential site locations are listed 
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in Table 5.2.  In addition to the work budgeted for next year, two additional sites will be 
constructed with funds from previous years. 
 
Construction at site 842, which is at the boundary between the Lewis and Clark segment and the 
Ft Randall segment would help address the need for habitat in the Ft Randall segment while 
minimizing the effects of power-peaking.  The ESH PDT discussed the potential for creating new 
habitat within the Ft. Randall segment and noted that, due to the current lack of habitat in this 
segment, creation of a single bar or complex may be detrimental to the population as it would 
concentrate birds in a single area within this segment which could have the potential for high 
losses due to weather and predation.  It was felt that, if habitat creation was a high priority in this 
segment, multiple sites should be constructed.  
 
Vegetation removal in the Garrison segment should improve habitat quality in this segment 
thereby increasing the overall productivity of this segment.  This would also provide habitat under 
high flow conditions which is currently limited. 
Table 5.1 Construction of ESH planned within the Missouri River Mainstem System, Fiscal Year 
2011. 
Year 
Funded 
Nesting 
Season 
Available 
River 
Mile Segment Construction Type 
Estimated 
Acres 
2010 2011 756.4 Gavins Point Geotextile Tubes Unknown 
2010 2011 789.6 Gavins Point Geotextile Tubes Unknown 
2010 2011 759.0 Gavins Point Overtopping 15 
2010 2011 842.0 
Lewis and 
Clark Overtopping 25 
2011 2011 1304.0 Garrison Vegetation Removal 50 
2011 2011 1344.0 Garrison Vegetation Removal 46 
2011 2011 1348.0 Garrison Vegetation Removal 147 
2011 2011 1352.0 Garrison Vegetation Removal 49 
2011 2011 1374.0 Garrison Vegetation Removal 150 
2011 2012 TBD TBD TBD TBD 
Use of the Emergent Sandbar Habitat Evaluation and Ranking (ESHER) spatial decision support 
system in the fall of 2009 identified the following sites as high priority ESH restoration sites and 
may be explored for development in 2011 and beyond. 
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Table 5.2 ESHER rankings for potential ESH construction sites 
ESHER 
Score 
River 
Mile Segment Construction Type 
Potential 
Acres 
90 793 Gavins Point Overtopping 62 
89 1357 Garrison Mechanical Creation 76 
89 773 Gavins Point Mechanical Creation 80 
88 776 Gavins Point Mechanical Creation 72 
86 777 Gavins Point Overtopping 36 
85 765 Gavins Point Mechanical Creation 17 
85 767 Gavins Point Mechanical Creation 29 
84 848 Ft Randall Overtopping 48 
84 766 Gavins Point Mechanical Creation 73 
83 874 Ft Randall Mechanical Creation 51 
5.2 Monitoring and Investigation Budget for ESH 
Planned monitoring and investigations for FY 2011 currently amount to approximately 
$1,958,000.  The majority of the budget is for population census and productivity surveys.  Also 
included in the 2011 plan is monitoring of ESH area, work on a tern and plover reservoir habitat 
study to identify potential opportunities to create and maintain habitat at reservoirs, continuation 
of investigations on the effectiveness of vegetation modification techniques, and completion of 
three ongoing investigations.  The “Evaluation of Tern and Plover Monitoring Procedures”, which 
will be completed next year, may have implications for changes to the “Tern and Plover Adult 
Census and Productivity Surveys” for FY 2011. 
Table 5.3  Projected monitoring and investigations for fiscal year 2011. 
  
Status 
Estimated 
FY11 Cost 
Monitoring 
Tern and Plover Adult Census and Productivity 
Surveys 
Recurring - 
Annual $1,235,000  
  ESH Evaluation and Quantification (Acreage) 
Recurring - 
Annual $250,000  
Investigations Geomporphological Analysis of Sandbars Concluding $250,000  
  
Evaluation of Vegetation Removal and Control 
Methods 
Ongoing - 
Year 3 $48,000  
  Piping Plover Population Dynamics Concluding $130,000  
  
Evaluation of Tern and Plover Monitoring 
Procedures Concluding $75,000  
  Lake Sakakawea Plover Study Concluding $70,000  
  
Total $2,058,000  
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5.3 Potential Pilot Projects  
5.3.1 Vegetation Removal 
Vegetation modification will be employed as a pilot project at five sites in the Garrison segment 
in 2011.  These sites should be monitored for vegetation encroachment, bird use and productivity 
to determine success.  
5.3.2 Off-channel Habitat 
Opportunities for creation of tern and plover habitat outside of the Missouri River channel are 
currently being explored.  This creation methodology was recommended by the Missouri River 
Recovery Implementation Committee (MRRIC).  Two possible locations for off-channel habitat 
include Lake Audubon off of Lake Sakakawea in North Dakota and Audubon Bend near Wynot, 
Nebraska.  The productivity of off-channel and in-channel habitat was directly compared in 2008 
and 2009 in the Lower Platte River, and off-channel habitat may be equivalent to in-channel 
habitat in some years, but it can also be significantly worse (see literature review below). The 
ESH PDT discussed the potential benefits and trade-offs associated with an off-channel habitat 
pilot or demonstration project and felt that further investigation of this idea was warranted prior to 
implementation. 
5.3.3 Reservoir Habitat in Lake Sharpe 
Although this segment is listed as a “Low” priority segment for both terns and plovers in the 
BiOp, this reservoir has a fairly steady pool elevation similar to Lewis and Clark Lake and may 
have opportunities to create habitat similar to the previously constructed sites at RM 826 and 827.  
However, similar to the Ft. Randall segment, the ESH PDT feels that a single site or complex may 
be risky to the population and that several sites should be planned for if a project is undertaken in 
this area. 
5.3.4 Construction of Several Small Bars / Complexes in a Segment 
The ESH PDT discussed the potential to create several (5-10) small sandbars (5-20 acres in size) 
geographically dispersed among a single segment as a method to further distribute the population 
and reduce risks involved with weather related events and productivity.  The ESH PDT feels that 
the Gavins Point segment has the highest potential for such a project due to the lack of power-
peaking and the need for additional habitat in this segment.  It is unknown whether this method 
would be more or less cost-effective.  If implemented, additional costs may be saved by not 
shaping sites following dredge material placement. 
5.3.5 Deposition Promoting Structures 
If high-water conditions are experienced on the system in 2011, it may be appropriate to design 
one or more pilot projects to test various structures to promote deposition of sandbars in the 
channel; similar to the geotextile tube pilot projects undertaken in 2010.  Pilot projects should be 
designed to test additional methods, including use of natural materials such as large woody debris 
(LWD) or engineered structures.  The feasibility and cost of these methods should be studied and 
any appropriate pilot projects should be designed so they can be implemented if system 
conditions are conducive. 
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5.4 Comparison of work plan with targets  
Planned mechanical creation of 482 acres of ESH for the 2011 nesting season is well above the 
target of 164 acres, however it should be noted that 442 of these acres are pilot projects testing the 
effectiveness of vegetation removal and may not provide habitat of the same quality as 
mechanical creation.  It also remains to be seen how much habitat will be created at the sites 
where geotextile tubes were used.  At a minimum, 40 acres of new habitat would be available for 
the 2011 nesting season which would be well below the target of 164 acres. 
 
Planned mechanical creation of between 150 and 300 acres of ESH for the 2012 nesting season 
would also be close to or above the target of 164 acres.  
 
5.5 Recommendations 
 Create at least 164 acres of new ESH per year consistent with Alternative 5 of the ESH 
PEIS. 
 Further investigate the feasibility and cost of creating several small sites in the Gavins 
Point segment. 
 Monitor the results of vegetation removal projects to determine the population use and 
productivity of these sites in comparison to natural habitat in the same segment. 
 Further investigate the potential benefits and trade-offs of off-channel habitat (outside of 
the Missouri River channel but within the floodplain) and reservoir habitat prior to 
implementation as a pilot project. 
 If work is undertaken in either Ft. Randall segment or Lake Sharpe, plan to create several 
geographically distributed sites in order to address the lack of habitat in these segments 
and reduce risk associated with site-specific losses due to weather events and predation.  
Vegetation removal may offer an opportunity to restore multiple sites in the Ft. Randall 
segment. 
 Alter the Tern and Plover Population and Productivity monitoring methodology based on 
feedback from the USGS study to provide more accurate estimates in the future. 
 Evaluate the effectiveness of various other methods of forming ESH under high flow 
conditions (examples include the use of large woody debris, rock, sheet-metal pilings, 
etc.) that could be implemented during future high-flow conditions. If warranted, design a 
pilot project to test one or more of these methods Use the habitat delineations from 2005-
2010 to analyze multiple years of data from individual sandbars to determine rates of 
change due to erosion and vegetation encroachment. 
 
6. Literature and Research Synthesis for 2009 and 2010 
To improve the science base underpinning decisions with ESH, we examined relevant newly 
published literature.  An Internet search (ISI Web of Knowledge 2009 - 2010) resulted in several 
scientific articles on interior least tern and piping plover ecology known to be published during 
2009 and 2010.  Articles ranged from describing plover nesting ecology and tern chick ecology to 
potential effects of natural hydrographs of the Missouri River on tern and plover nesting ecology.  
In Section 6.1, the citation for each article is provided followed by a concise, one-paragraph 
summary of the conclusions relevant to the ESH Program.  Also included is a separate paragraph 
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containing a brief assessment of the article regarding its methodology, interpretations, as well as 
the implications for the ESH Program.  Unpublished documents were also located and 
summarized for inclusion (Section 6.2).   
6.1 Peer-reviewed Literature 
 
Greenwald, K. R.  2009.  Nest lining and fledgling success in the piping plover are related to nest  
site characteristics.  Waterbirds 32:464–467. 
 
Greenwald (2009) studied nest-site characteristics of piping plovers on the Atlantic coast (Cape 
Cod, MA) during 2003, and estimated apparent hatching success to be 69% (94 eggs hatched/136 
eggs laid), a weak positive relationship between predator exclosures and hatching success, and a 
fledging success rate (number of chicks fledged/number of eggs laid) of 27% (n = 34 nests).  
Further, she found that plovers chose nest sites that were approximately equidistant between sand 
dunes and the high-tide line (r = 0.89), and that physical characteristics of nesting sites affect nest 
lining behavior (e.g., amount of clam shell fragments in nest).   
 
Assuming that the number of first nesting attempts (n = 30) equaled the number of breeding pairs 
(for n = 34 nests) in their study, the fledge ratio would be 1.2 (36 chicks fledged/30 adult breeding 
pairs), slightly lower than the BiOp target of 1.22 (see Section 1.3.1, Objective 1), but higher than 
the fledge ratio of 0.87 based on 2003 monitoring data for the entire Missouri River system. 
 
Wiltermuth, M. T., M. J. Anteau, M. H. Sherfy, and T. L. Shaffer.  2009.  Nest movement by  
piping plovers in response to changing habitat conditions.  Condor 111:550–555. 
 
Within the Garrison reach and Lake Sakakawea in the Missouri River system in North Dakota, 
Wiltermuth et al. (2009) provided observational evidence that piping plovers moved active 
nesting sites, including eggs, from areas experiencing or about to experience inundation or 
disturbance from livestock.   
 
It is currently not known whether nest movement by plovers affects nest and fledgling survival in 
a biologically meaningful way.  Currently, our modeling procedures do not incorporate this 
relationship, but future research may allow for an assessment of the effects of nest movement on 
plover populations. 
 
Whittier, J. B., and D. M. Leslie, Jr.  2009.  Survival and movement of chicks of the least tern  
(Sterna antillarum) on an alkaline flat.  Southwestern Naturalist 54:176–181. 
 
Survival and movements of radio-marked interior least tern chicks during 1999 were studied in 
Oklahoma by Whittier and Leslie (2009).  Specifically, they examined factors that influenced 
survival (primarily flooding), and chick dispersal from nests (no difference in diurnal and 
nocturnal rates of movement; chicks seemed to move toward persistent water sources).  They also 
estimated survival to fledging (0.08–0.42 fledglings/successful nest), where the large range in 
survival resulted from low (assumed mortality of all chicks with lost telemetry contact) to high 
(assumed transmitter failure of all chicks with lost telemetry contact) estimates.  Hatching success 
during 1999 was 47% (n = 17; June) and 73% (n = 30; July).   
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Under the assumption that radio-marking did not affect chick survival and that only 1 successful 
nest was possible per breeding pair per nesting season, the range of fledge ratios can be directly 
interpreted as 0.08 to 0.42 fledglings/adult breeding pair.  Under most conditions (and over 
multiple years), this range of values would not seem to allow for a viable tern population; if the 
aforementioned assumptions were violated, these values could greatly underestimate actual chick 
survival.  For comparison, monitoring data collected on the Missouri River (see Table 3.1) 
indicates fledge ratios varying between 0.75 and 1.28 over the 11 nesting seasons between 2000 
and 2010. 
 
Jorgensen, D. G.  2009.  Natural hydrograph of the Missouri River near Sioux City and the least  
  tern and piping plover.  Journal of Hydrologic Engineering 14:1365–1373. 
 
Hydrograph analyses of the Missouri River (near Sioux City, IA) were conducted by Jorgensen 
(2009) to assess whether the natural hydrograph would historically have had a negative impact on 
tern and plover populations in that area.  Based on hydrographs from two nesting seasons (1938–
1939), the author concluded that high water levels essentially precluded nesting because suitable 
nesting areas were inundated.  A frequency analysis of expected flooding of sandbar islands 
during 1929–1955 suggested that sandbars would have been flooded 23 of 27 times at 1.5 m 
(submergence value based on gauge-height; discharge = 780 m3/s) and 27 of 27 times at 2.4 m 
(upper emergence value; discharge = 1,590 m3/s).   
 
The author based analyses on number of days needed from nest initiation to migration date of 
zero-age individuals.  This frequency analysis assumes that the stage-discharge relationship used 
to calculate the height of sandbars inundated at a given discharge does not change over time.  
Sioux City, IA (river mile 732), is approximately 29 river miles downstream from Ponca State 
Park, NE (river mile 753, where river channelization begins), and not within the most-
downstream reach (Gavins Point) of primary focus for tern and plover population recovery efforts 
by USACE.   
 
Catlin, D.H., R. Jacobson, M. Sherfy, M. Anteau, J. Felio, J.Fraser, C. Lott, T. Shaffer, and J. 
Stucker. 2009. Discussion of “Natural hydrograph of the Missouri River near Sioux City 
and the least tern and piping plover’ by Donald Jorgensen. Journal of Hydrological 
Engineering, in press. 
 
Catlin et al. (2009) offered a rebuttal to Jorgensen (2009), arguing that he: 1) overlooked 
published historical records of breeding terns and plovers on the Missouri River and other 
systems; 2) inaccurately portrayed the importance of high flows for forming sandbars; and 3) 
underestimated both species’ ability to withstand periodic reproductive failures.  They credited 
Jorgenson (2009) for suggesting that hindcasting habitat availability may provide inferences 
regarding historic tern and plover populations.  However, they contend that lack of historical 
sandbar distribution and elevation data constrains assessments of these habitats.  Further, both 
species clearly nested in the region, and exposed sandbars were probably more common than 
Jorgensen (2009) concluded.  Catlin et al. (2009) conclude that the data do not support the 
contention that the historical hydrograph was “unfriendly” to terns and plovers. 
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McGowan, C. P., and M. R. Ryan.  2009.  A quantitative framework to evaluate incidental take  
and endangered species population viability.  Biological Conservation 142:3128–3136. 
 
McGowan and Ryan (2009) modeled incidental take of the Northern Great Plains population of 
piping plover eggs and chicks through stochastic population viability simulation modeling using a 
pre-existing model.  The authors stated that take and jeopardy are seldom considered in a 
quantitative sense to consider impacts on population viability.  Although jeopardy to the species 
could not be assessed, the model projected average population growth rates, abundances, and 
probability of quasi-extinction (i.e., a threshold of 100 breeding females).  Model parameters 
included survival, fecundity, habitat type (alkali lakes, Great Plains rivers, and the Missouri 
River), and egg and chick take (baseline of 9.2% of eggs).  Water control operations (flooding) 
were the source of incidental take, which was modeled as a subtraction of specific numbers of 
eggs or chicks from the Missouri River in each year.   
 
This approach reflected the permitting practices of the USFWS and the USACE in the Missouri 
River Section 7 Consultation.  Seventeen scenarios were run under different incidental take 
regimes.  Under the no-take scenario, the plover population was estimated to decline at a rate of 
7.5% annually; incidental take was found to have the potential to negatively affect population 
abundance, population growth, and probability of quasi-extinction. This model assumes that there 
is no density-dependent relationship between fledgling productivity and nesting density, instead 
assuming a ceiling which set an upper limit to the total number of individuals.   As a result the 
estimated rate of decline is greater than would likely be experienced, because piping plover 
productivity should increase as populations decrease, as long as the amount of habitat remains 
constant (Caitlin 2009). 
 
Jacobson, R. B., D. W. Blevins, and C. J. Bitner.  2009.  Sediment regime constraints on river  
restoration-an example from the Lower Missouri River.  Pages 1–22  in L. A. James, S. L. 
Rathburn, and G. R. Whittecar, editors.  Management and Restoration of Fluvial Systems 
with Broad Historical Changes and Human Impacts, Geological Society of America 
Special Paper 451. 
 
Jacobson et al. (2009) evaluated the sediment regime constraints on river restoration in the Lower 
Missouri River.  The highly modified Lower Missouri River has experienced a decrease in 
suspended sediment loads of <1–17% in comparison to pre-modification loads (the first of 6 dams 
closed in 1937, the last in 1963).  This provides a challenging management scenario for river 
restoration efforts, particularly those mitigating sediment fluxes.  Data describing annual pre-dam 
(i.e., 1952 and earlier) suspended-sediment loads were substantially higher and less variable than 
post-dam loads.  Lower sediment loads near Sioux City, IA, suggests that “only ~5% of the 
historical ESH area may be achievable in the long term” in reference to the Recreation River 
segment of the Missouri River.  Restoration of ecosystem functions is limited by incision, 
aggradation, and the highly altered sediment regime.   
 
Long-term solutions to these problems may include sediment augmentation, but the authors 
acknowledged that this may be costly and risky, and restoration efforts may have to incorporate 
the current sediment characteristics and constraints within the system.  Findings from this study 
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are most applicable to Objectives 3 (meet or exceed ESH acreage goals) and 4 (minimize impacts 
to other sensitive resources). 
 
Haffner, C.D., F.J. Cuthbert, and T.W. Arnold. 2009. Space use by Great Lakes Piping Plovers 
during the breeding season. Journal of Field Ornithology 80(3): 270-279. 
 
Haffner et al. (2009) examined space use by piping plovers in the Great Lakes during 2003 and 
2004.  They used coordinate geometry to estimate individual home-range sizes and examined 
relationships between home range size and breeding stage (i.e., incubation versus chick rearing), 
year, sex, number of locations, minimum age, distance to the nearest nest, and human impact.  
Home ranges were smallest on beaches with the lowest public access, suggesting that human 
disturbance may have an effect similar to habitat loss or degradation.  The mean home range size 
of parents that fledged at least one offspring was 2.9  0.5 (SE) ha (range = 0.4 – 11.2 ha), and 
the mean linear beach distance traveled was 475  53 m (range = 130 – 1435 m).   
 
For comparative purposes, Cohen (2005) reported 95% fixed-kernel home range estimates on the 
Atlantic coast that were three to five times larger than the values reported above, ranging from 9.0 
 0.6 ha (N = 23) to 16.5  1.5 ha (N = 15) over a two-year period.  Cohen (2005), however, 
initiated observations during the territory-establishment period and included unsuccessful 
breeders in his analysis, which possibly explains why his estimates were larger than those found 
in Haffner et al. (2009).   
 
Cohen, J.B. and J.D. Fraser. 2010. Piping Plover foraging distribution and prey abundance in the 
pre-laying period. Wilson Journal of Ornithology 122(3): 578-582. 
 
Cohen & Fraser (2010) sampled benthic and terrestrial prey items in piping plover foraging 
habitat on the Atlantic coast from 2001 to 2003.  They found that benthic invertebrates in areas 
dominated by sand flats were abundant and available to adults, whereas terrestrial arthropods, 
which were typically exploited late in the breeding season, were sparse in all cover types.  They 
performed a census of plovers in the study area concurrent with the arthropod sampling, and 
recorded the numbers that were foraging in 2002 and 2003.  They calculated the proportion of 
individuals in each of multiple cover types, including upland and intertidal areas.  They observed 
93  1% of foraging adults in the bay intertidal zone in 2002, which comprised 32% of the 
available habitat area.  The other 7% of individuals were utilizing the ocean intertidal zone, which 
made up 8% of the available habitat.  The remaining 60% of the area was unused upland. 
 
 
Roche, E.A., T.W. Arnold, and F.J. Cuthbert. 2010a. Apparent nest abandonment as evidence of 
breeding-season mortality in Great Lakes Piping Plovers. Auk 127(2): 402-410. 
 
Roche et al. (2010a) reviewed nesting records from 1993 – 2007 of piping plovers in the Great 
Lakes.  Abandonment was the most frequent cause of nesting failure over this period, and 
observations of color-banded adults suggest that the majority of such events involve 
disappearance of attendant adults rather than decisions by parents to desert their nests and renest 
elsewhere.  Nest-monitoring histories were integrated with mark-resighting analyses to determine 
whether nest abandonment resulted from adult mortality or nest desertion.  Approximately 16% of 
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monitored clutches were lost before hatching (nearly all were protected by nest enclosures).  
Nesting adults exhibited high within-year resighting probabilities (10-day mean p = 0.908  
0.025), and cumulative probabilities of being detected approached one for individuals that were 
present on the nesting grounds for ≥ 20 days post-abandonment.   
 
This analysis suggests that desertion would be readily identified unless parents left the monitoring 
areas immediately after deserting their nests (the Cormack-Jolly-Seber analysis carried out here 
cannot formally distinguish death from emigration).  From 2002 to 2007, annual mortality 
associated with disappearances averaged 5.7% of the marked population.  Disappearances were 
more common among females, involved individuals that were older than average, and were most 
frequently attributed to predation by merlins (Falco columbarius).  Findings from this study are 
most applicable to Objective 1 (meet or exceed productivity targets), as well as to a review of the 
use of nest exclosures for plovers. 
 
Roche, E.A., T.W. Arnold, J.H. Stucker, and F.J. Cuthbert. 2010b. Colored plastic and metal leg 
bands do not affect survival of Piping Plover chicks. Journal of Field Ornithology 81(3): 
317-324. 
 
Roche et al. (2010b) used a mark-resight framework to assess the impact of plastic- and metal-
bands on pre-fledging survival in Great Lakes piping plovers.  From 2000 to 2008, they banded 
approximately 96% of all surviving chicks hatched prior to fledging, and used a multistate model 
in program MARK, where individuals contributed data as un-banded chicks before capture and as 
banded chicks following capture.  The cumulative probability of surviving through 24 days of age 
was 0.63, and did not differ between banded and un-banded chicks.  In addition, they found a 
positive effect of handing-related disturbance on survival up to 3 days following banding (β = 
0.60  0.21): this may have been due to post-banding vigilance on the part of handled individuals.   
 
Roche, E.A., J.B. Cohen, D.H. Caitlin, D.L. Amirault-Langlais, F.J. Cuthbert, C.L. Gratto-Trevor, 
J. Felio, J.D. Fraser 2010c. Range-Wide Piping Plover Survival: Correlated Patterns and 
Temporal Declines. Journal of Wildlife Management 74(8)1784-1791. 
 
Roche et al. (2010c) combined banding data from 7 breeding populations of piping plovers to 
estimate overwinter survival rates between 1998 and 2007. Great Plains populations, including 
the Missouri River, had the highest estimated annual survival rates (MR population 0.8 [0.74, 
0.85] 95% confidence interval). However, the study also found strong evidence that overwinter 
survival rates are declining with time in most populations, including the MR population (see their 
Table 2).  
 
The estimate for overwinter survival is very similar to that used in the forecasting model (see 
Appendix II, Table 9.5) although somewhat more precise. However, the forecasting model 
assumes that overwinter survival is constant over time; incorporating the observed decrease in 
adult survival may change the forecasts. In particular, the forecasting model is currently 
overpredicting population size of piping plovers; in the presence of a decreasing trend in 
overwinter survival this forecast would likely shift to a decreasing population consistent with 
recent observations. Continuing banding programs for piping plover along the Missouri River will 
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allow the USACE to distinguish between declines related to a lack of habitat from declines caused 
by effects outside the breeding grounds. 
 
Maslo, B. and J.L. Lockwood. 2009. Evidence-based decisions on the use of predator exclosures 
in shorebird conservation. Biological Conservation 142(12): 3213-3218. 
 
Maslo & Lockwood (2009) conducted a nest survey analysis of piping plovers on the Atlantic 
coast to determine the effectiveness of nest enclosures and the conditions associated with nest 
abandonments at electrified enclosures.  Using ten years of monitoring data (1998-2007), they 
found that enclosures significantly increased nest-hatching success under certain conditions, but 
at sites with high human disturbance and/or predator (e.g., red fox [Vulpes vulpes]) densities, the 
proportion of enclosed nests that were abandoned by adults became sizeable.  The direct cause of 
nest abandonments remains unclear. 
 
Lombard, C.D., J.A. Collazo, and D.B. McNair. 2010. Nest and chick survival and colony-site 
dynamics of Least Terns in the US Virgin Islands. Condor 112(1): 56-64. 
 
Lombard et al. (2010) studied nest and chick survival and colony-site dynamics of the least tern.  
These results are the first reported for the Caribbean and were derived from 4060 nests and 44 
chicks fitted with transmitters monitored at 52 colonies in the US Virgin Islands, 2003-2006.  
Overall daily nest survival was 0.92 0.03.  Important determinants of variation in nest survival 
included year, rainfall, colony size, and nesting habitat.   
 
Under the assumption that radio-marking did not affect chick survival, the estimated number of 
fledglings per nest attempt was 0.06 (N = 4640 nests), and 0.15 fledglings/adult breeding pair.  
Under most conditions, these values would not seem to allow for a viable population; if the 
aforementioned assumption was violated, these values could greatly underestimate actual chick 
survival.  For comparison, monitoring data collected on the Missouri River (see Table 3.1) 
indicates fledge ratios varying between 0.75 and 1.28 over the 11 nesting seasons between 2000 
and 2010. 
6.2 Unpublished Reports 
 
Brown, M.B., and J.G. Jorgensen. 2008. 2008 Interior Least Tern and Piping Plover Monitoring, 
Research, Management, and Outreach Report for the Lower Platte River, Nebraska. Joint 
Report of the Tern and Plover Conservation Partnership and the Nebraska Game and Parks 
Commission. 60 pgs. 
 
Brown, M.B., and J.G. Jorgensen. 2009. 2009 Interior Least Tern and Piping Plover Monitoring, 
Research, Management, and Outreach Report for the Lower Platte River, Nebraska. Joint 
Report of the Tern and Plover Conservation Partnership and the Nebraska Game and Parks 
Commission. 77 pgs. 
 
The Tern and Plover conservation partnership produced two annual reports in 2008 and 2009 that 
report on the only direct comparison of population performance for birds using off-channel 
habitats with in-channel habitats (Brown and Jorgenson 2008, 2009). Off-channel habitats 
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included shorelines near housing developments and spoil piles at sand mining operations in the 
Lower Platte valley, while in-channel habitats are naturally occurring sandbars in the Lower Platte 
River itself. In 2008 there was no difference in daily nest survival rates between in- and off-
channel habitats for Terns; no comparison was possible for plovers due to the small sample size. 
At off-channel sites, there was a significant difference in nest survival of piping plovers between 
nests protected by exclosures and those not so protected. In 2009, nest survival of plovers was 
higher off-channel than in-channel, but nest survival of terns was lower off channel than in 
channel. Off-channel habitats are not uniformly equivalent or superior to on-channel habitat, but 
new information becomes available each year to refine these estimates. It is notable that several 
plovers banded on the Gavin’s Point reach of the Missouri River were re-sighted nesting on the 
Lower Platte River, indicating some degree of population connectivity.  
 
Catlin, D. H.  2009.  Population dynamics of piping plovers (Charadrius melodus) on the  
Missouri River.  Dissertation, Virginia Polytechnic Institute and State University, 
Blacksburg, Virginia, USA. 
 
A Ph.D. dissertation, Population Dynamics of Piping Plovers (Charadrius melodus) on the 
Missouri River, was completed by Catlin (2009) at the Virginia Polytechnic Institute and State 
University.  This study focused on plovers in Lewis and Clark Lake and Gavins Point Reach 
during 2005–2007.  Estimates in this study included true survival and apparent survival (true 
survival and permanent emigration), depending on age class.  In Chapter 1 (Piping Plover 
Phenology, Nest-Site Selection, and Nest Success on Natural and Engineered Sandbars), by 
monitoring 623 plover nests, Catlin (2009) found that hatching dates differed on natural versus 
engineered sandbars, plovers selected engineered sandbars over natural and modified sandbars, 
plovers had higher nest success on engineered versus natural sandbars, predator exclosures did 
not increase nest success in a statistically significant manner, and daily survival rates of nests 
decreased as nest age increased and number of eggs in a nest decreased.  The 95% confidence 
limit for overall daily nest survival was 0.978 to 0.979.  The author noted that engineered 
sandbars were monitored for only the first 3 to 4 years post-construction, additional management 
of modified sandbars may increase their suitability, and that predator exclosures were not 
randomly distributed in space or time. 
 
Chapter 2 (Density-Dependent Population Dynamics in Piping Plovers Charadrius melodus: 
Consequences of a Conservation Experiment) of Catlin (2009) implied that habitat use can be a 
misleading indicator of habitat quality.  For example, juvenile survival on engineered sandbars 
(high-density areas; 2 to 7 times greater than natural sandbars) was negatively correlated with 
density, but juvenile survival on natural sandbars (low-density areas) was positively correlated 
with density.  Engineered sandbars were selected for by adults, and juveniles on engineered 
sandbars were more likely to breed on natural sandbars the following years. Consequently, if only 
bird density were considered, the high-density engineered sandbars would seem to contain higher 
quality habitat than the natural sandbars despite the lower chick survival rates (although nest 
success was higher on engineered sandbars according to Ch. 1).  Predation seemed to be the 
primary cause of chick mortality, with the possibility that predators were attracted to high 
densities of chicks.  Site fidelity between years was approximately 100% (2005–2006) and 90% 
(2006–2007) for adults, 75% and 50% for chicks on engineered sandbars, and 40% and 20% for 
chicks on natural sandbars.  An estimated 66–100% of chicks hatched on natural sandbars bred 
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the following year, whereas 37–85% of chicks hatched on engineered sandbars bred the following 
year.  Survival between adults that nested on engineered sandbars was similar to those that nested 
on natural sandbars, and no annual variation was apparent; 95% confidence limits ranged from 
0.67 to 0.90.  Re-sightings of birds banded on the study area occurred primarily (93%) along the 
Gulf of Mexico, but also east to South Carolina during winter.  Catlin (2009) concluded that 
engineered sandbars seemed to provide suitable nesting habitat for piping plovers despite some 
questions about their quality. 
 
The last chapter of Catlin (2009) is titled, “Potential Piping Plover Population Growth Rates 
under Observed Demographic Parameters.”  Here, population growth was modeled using stage-
structured deterministic models based on females, with parameter estimates from the study and an 
estimate of renesting rates from past research.  Parameter estimates were changed to simulate 
good, average, and bad years (e.g., a bad year = low survival and low reproduction).  The basic 
metapopulation model suggested λ = 1.02 annually for the study area; stratifying by sandbar type, 
λ = 1.03 for engineered sandbars and λ = 0.99 for natural sandbars.  A good year and bad year 
would change λ by ±0.13.  One potential consequence is that a bad year would result in λ < 1.0 
despite the positive effect of engineered sandbars.  Sensitivity analysis showed that population 
growth was most sensitive to adult survival, particularly for engineered sandbars. 
 
U.S. Fish and Wildlife Service.  2009.  Piping plover (Charadrius melodus), 5-year review:  
summary and evaluation.  Northeast Region, Hadley, Massachusetts, USA; Midwest 
Region Field Office, East Lansing, Michigan, USA. 
 
USFWS (2009) produced a document titled, “Piping plover (Charadrius melodus), 5-Year 
Review: Summary and Evaluation,” that included summaries of recovery plans, published 
literature, unpublished reports, and other forms of dissemination of information.  Topics covered 
included taxonomy, winter and migration range, breeding range updates, population surveys, 
habitat, and others.  The focus here was to summarize this document according to the most recent 
findings, particularly articles and reports published during 2009.  A comprehensive discussion of 
past and present information (e.g., Miller et al. 2009) resulted in the conclusion that, “Very rare 
(perhaps completely absent) reproductive interchange between the Great Lakes and the Northern 
Great Plains populations constitutes a marked separation of breeding ranges, …” and, 
“Pronounced differences in wintering distribution provide a second line of evidence of behavioral 
divergence between Great Lakes and Northern Great Plains piping plovers.”  This provides strong 
evidence that we should not expect plovers from the Great Lakes to affect population dynamics of 
plovers within the Missouri River system, including population augmentation, which would have 
been relevant to Objective 2 (increase and subsequently stabilize tern and plover population 
abundance).  One potential consequence of lack of dispersal between populations is that if one 
population experienced extinction, recolonization through the other population would be highly 
unlikely.  This work supports the assumption in the forecasting model of plover population 
dynamics that no dispersal exists between these two populations of plovers. 
 
Predator control on wintering and migration grounds is a low priority at this time, but remains one 
of the most significant threats on breeding grounds.  In addition to human activities that are 
commonly known to disturb nesting birds (e.g., unleashed pets, camping), the USFWS (2009) 
review identified two relatively new range-wide threats to plovers: wind-energy development and 
ESH Annual Adaptive Management Report                                                            March 2011 
47 
climate change.  “Plover adult numbers seem to be roughly correlated with the amount of suitable 
habitat available on the Missouri River system. However, there seems to be a time lag between 
the availability of habitat and population increases.”  Oil development, including road 
construction and power lines, may have negative impacts on nesting plovers, particularly in 
Montana and North Dakota, but these impacts are largely unknown at this time.  These two states 
are also experiencing rapid increases in wind-energy development, which may also have negative 
impacts on plovers.  Climate change was also identified as an impact that warrants further study, 
as there seems little doubt that this will affect plover habitat, both wintering and breeding.  
Finally, the USFWS in the 5-year review recommended that the classification of the Northern 
Great Plains population of piping plovers be retained as threatened (recovery priority number 2C) 
because although the population has increased, it still remains below the recovery goals listed in 
the 1988 recovery plan. 
 
Roche, E.A. 2010. Population demography of the Great Lakes Piping Plover. Ph.D. Disseration, 
University of Minnesota. 
 
A Ph.D. dissertation, Population Demography of Great Lakes Piping Plover, was completed by 
Roche (2010) at the University of Minnesota.  Chapter 1 (Apparent nest abandonment as evidence 
for breeding season mortality) is contained above and we refer the reader back to Roche et al. 
(2010).  Chapter 2 investigates some of the factors that may reinforce the small size of the Great 
Lakes population; specifically, the influence of seasonality on annual survival.  Among simple 
models including only year or season effects, there was greater support for seasonal variation than 
for annual variation. Nevertheless, she found substantial annual process variation during all four 
seasons, with the greatest amount of process variation occurring in spring and the least occurring 
in summer.  Weekly survival probabilities of after-hatch-year individuals were highest and least 
variable during the summer and lowest and most variable in spring.  During summer, survival 
decreased with increasing levels of nest abandonment (β = -0.5631, 95% CI: -1.1487, 0.0224). 
She found weak evidence suggesting fall survival rates were positively influenced by increased 
precipitation on the breeding grounds (β = 0.2005, 95% CI: -0.3311, 0.7321) and were less 
annually variable than winter or spring survival rates.  Weekly survival rates in spring were the 
most variable and there was strong support for a positive correlation with spring minimum 
temperatures (β = 0.7922, 95% CI: 0.2550, 1.3294). 
 
Chapters 3 and 4 address the influence of inbreeding depression and age-dependent survival and 
reproduction on the persistence of the Great Lakes population.  During 1993 – 2008, 591 piping 
plovers from 173 individual broods had pedigrees that were complete for at least two generations 
(i.e., the identity of both parents and all grandparents were known).  Hatching success was not 
influenced by inbreeding coefficient, but was related to Julian initiation date, declining from an 
estimated 95.0% among eggs laid on 20 April to 87.4% among eggs laid on 19 June.  After 
adjusting for age, inbreeding coefficient was the most significant predictor of chick weight at the 
time of banding.  Chick survival from hatch to fledge was influenced by all covariates tested and 
declined with increasing inbreeding coefficient values. Cumulative survival from hatching until 
24 days of age ranged from an estimated 74.9% for plovers with zero inbreeding to 57.5% among 
plovers that were moderately inbred.  There was no evidence that inbreeding affected first year 
survival of piping plovers or survival in any subsequent year. Individuals that nested as 1-year 
olds had higher apparent survival throughout life for both sexes. In addition, individuals nesting 
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in their second year were more likely to experience low apparent survival rates if they were less 
successful at hatching or fledging chicks.  Piping plovers capable of initiating more nests 
experienced higher rates of apparent survival (β = -0.934, 95% CI: -1.98, 0.115), and older 
individuals capable of initiating multiple nests experienced higher apparent survival rates than 
younger individuals capable of initiating multiple nests, (β = 0.263, 95% CI: -0.039, 0.56) Finally, 
older individuals that hatched or fledged more chicks experienced higher apparent survival rates 
than similarly aged individuals with lower reproductive success. 
 
The final chapter of Roche (2010) assesses the effectiveness of the salvage captive-rearing 
program that has been in place since 1992. The Great Lakes salvage captive-rearing program 
released 142 piping plover chicks between 1992 and 2008; 22 of these captive-reared plovers 
survived their first year and 10 subsequently nested in the Great Lakes. As of 2008, captive-reared 
plovers have fledged 26 chicks in the wild. An additional 10 chicks were captive-reared from 
eggs salvaged from the nest of a captive-reared plover. Captive-reared plovers have raised 5 
offspring that returned and nested in the Great Lakes. There was no difference in the number of 
eggs laid by wild- and captive-reared plovers.  However, wild-reared plovers hatched significantly 
more eggs and fledged slightly more chicks per breeding season than did captive-reared plovers.  
The expected future reproductive contribution of newly released captive-reared plovers was only 
about a third that of newly fledged wild-reared plovers; however, if captive-reared plovers 
survived their first year, their future reproductive contributions were almost identical to those of 
wild-reared plovers. The survival and reproductive values ascribed to captive-reared plovers did 
not project positive rates of population growth. 
 
Seavey, J.R. 2009. Piping plover (Charadrius melodius) conservation on the Barrier Islands of 
New York: habitat quality and implications in a changing climate. Ph.D. Dissertation, 
University of Massachusetts-Amherst. 
 
A Ph.D. dissertation, Piping Plover (Charadrius melodius) conservation on the Barrier Islands of 
New York: habitat quality and implications in a changing climate, was completed by Seavey 
(2009) at the University of Massachusetts-Amherst.  Chapter 1 examined the central and limiting 
tendency in density and productivity data across multiple temporal (2003-2005) and spatial (50-
400 m) scales.  Her central tendency analysis showed weak (but present) density-dependent 
productivity, and ordered logistic regression models indicated density dependence across all 
spatial scales.  She found that the negative effect of density on productivity increased with the 
spatial scale of density.  Seavey (2009) recommends the monitoring of nest density, in addition to 
protecting and managing areas as alternative nesting areas should any high-density bottlenecks 
arise. Her discovery of density dependence on the Atlantic coast reinforces the need to increase 
habitat area as populations increase.  Put very simply, increasing population without regard to 
density may reduce productivity in high-density areas.   
 
Chapter 2 examined the relationship between landscape pattern and fitness.  She monitored 
nesting pairs during the 2004 and 2005 breeding seasons and collected information on 
environmental variables.  Her analysis focused on three aspects of the pattern-process 
relationship: 1) the spatial scaling of plovers to their environment; 2) the relative importance of 
land cover, predation, management, and disturbance; and 3) the key environmental variables that 
influence productivity.  She found distinct spatial scale dependencies, with selection by plovers 
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occurring within a narrow range that was unique to each environmental variable.  She also found 
that management and predation variables influenced productivity to a greater extent than land 
cover and disturbance.  Land management units, plover conservation educational signs, and 
symbolic string fencing erected around nesting areas all displayed positive relationships with 
productivity.  Variables with negative relationships with productivity included: recreational 
density, herring gull density, and weighted land cover.  She concludes that promoting natural 
barrier island dynamics is the most effective way to reduce negative impacts to nesting success 
and to promote high-quality habitat in the future. 
 
Prescott, D.R., L.C. Engley, and D. Sturgess. 2010. Implementation of the Alberta Piping Plover 
Recovery Plan, 2005-2010: Final Program Report. Alberta Sustainable Resource 
Development, Fish and Wildlife Division, Alberta Species at Risk Report No. 129, 
Edmonton, AB, 27 pp. 
 
Prescott et al. (2010) produced a document for the Alberta Sustainable Resource Development, 
Fish and Wildlife Division entitled “Implementation of the Alberta Piping Plover Recovery Plan, 
2005-2010: Final Program Report”.  Topics covered include population surveys, a habitat rating 
system, banding programs, critical habitat designations, and others.  The focus was to detail major 
accomplishments achieved during the implementation of the Alberta Piping Plover Recovery Plan 
from 2005-2010.  Of potential relevance, a habitat rating system was developed wherein quarter 
sections of plover habitat are scored annually based on several attributes.  At one extreme, 
quarter-sections were rated as “highly suitable” (score = 1) based on the presence of wide 
beaches, an abundance of gravel and proximity to water.  At the opposite extreme, a score of 5 
was assigned to areas with no potential to support plovers.  Rating were also provided for various 
anthropogenic threats (e.g., cattle grazing, ATV traffic, human foot travel, etc.) on a scale of 1 (no 
threat) to 5 (extreme impact).  Prescott et al. (2010) also state that nest predation is the single 
greatest threat to productivity of piping plovers.  Starting in 2005, they deployed three ReconyxTM 
cameras to record activity at plover nest.  Each year, cameras have been deployed at 5-6 different 
nests, and several attempted (the nests were enclosed) depredations by American crows and 
coyotes were documented.  
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8. Appendix I: Model Forecasting Results 
In this section we present the outcomes of habitat construction management actions as projected 
by the models of ESH acreage and tern and plover populations (described in Appendix II).  First, 
we will summarize the projected likelihood of success in reaching each metric in Objectives 1–3 
(fledge ratios, population sizes, and acres of ESH) for each construction alternative.  Second, we 
will examine the projections of the ESH model and population models in more detail.  In effect, 
we are summarizing the current state of our quantitative knowledge about the system (e.g. 
estimates of erosion rates, bird life history) with the goal of determining what we can predict 
about the results of restoration actions, assess the accuracy of that combined information 
compared to system behavior, and evaluate research needs. 
8.1 Report Card for Future Years 
 
The summary of decision criteria for each objective and constructive alternative is shown in Table 
8.1.  To produce these results we ran Monte Carlo simulations, which incorporate parameter 
estimation error, annual variation in environmental conditions, and demographic variability 
through 5,000 replicate simulation runs.  Simulations began in 2010 and ran until 2015, using 
census data as the initial conditions for terns and plovers.  ESH acreages for 2010 are projected 
from 2009 values using the loss rates from the ESH model, as acreage data are not yet available 
after 2009.  The Monte Carlo simulation process produces a distribution of results for each metric, 
from which we determine what percentage of model runs exceed target values.  Figure 8.1 
presents an example of the results of this process for the current construction alternative.  The 
numerical results in Table 8.1 are the percentage of model results that fall to the right of the 
colored bar in each plot in Figure 8.1.  Results are then color-coded to indicate whether a 
construction alternative results in the metric being exceeded in 95% of runs (green), 50–95% of 
runs (amber), or less than 50% of model runs (red) in 2015. 
 
In these results, tern fledge ratios are exceeded for nearly all model runs for all alternatives, but 
tern populations are consistently in the red category, with approximately one-fourth of model runs 
projecting population sizes above target in 2015.  The probability of plover fledge ratios 
exceeding the target is less than that for terns, but plover populations have a higher probability of 
reaching the target due to higher juvenile survival rates and therefore increased rates of population 
growth.  The decrease in population sizes between 2009 and 2010, especially for plovers, has 
resulted in lower probabilities of reaching the target in 2015 than in predictions from 2009.  
However, the monitoring program and the model is not currently able to distinguish between 
reduced adult populations due to overwinter mortality and temporary absence of adults from the 
MR system due to high flows and reduced ESH availability.  Therefore, the predictions in this 
table may be underestimates of future population sizes and percent success if absent birds return 
in upcoming years. 
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Table 8.1  Decision criteria summary for PEIS construction alternatives.  Values indicate the 
percent of simulation runs that exceed the target for each metric.  Values greater than 95% are 
shaded green, values greater than 50% are shaded amber, and values less than 50% are shaded 
red.  Target values are: tern fledge ratio of 0.94, plover fledge ratio of 1.22, tern population 
size of 900 and plover population size of 1,139. 
  
Alt. 1 
BiOp 
2015 
Alt.  2 
BiOp 
2005 
Alt. 3 
Actual 
1998 
Alt. 3.5 
Avg. 
1998-
2005 
Alt. 4 
Actual 
2005 
Alt. 5 
Modeled 
No 
Build 
 
Target Acreage 11,886 5,502 6,754 4,370 1,985 1,315 N/A 
Obj. 1 Tern Fledge Ratio 99.5 99.5 99.6 99.5 99.3 99.0 96.4 
 
Plover Fledge Ratio 79.6 79.1 80.9 79.2 76.8 72.9 57.6 
Obj. 2 Tern Population 14.2 13.7 14.6 13.6 12.9 12.6 11.1 
 
Plover Population 40.3 38.1 38.8 38.1 35.6 34.4 27.7 
Obj. 3 Acres of ESH 63.2 61.4 61.0 57.1 48.3 48.0 
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A 
 
B 
 
C 
 
D 
 
E 
 
Figure 8.1 Distribution of simulation output 
(gray) for a) tern fledge ratio, b) plover fledge 
ratio, c) tern population size, d) plover 
population size, and e) acres of ESH under the 
current alternative (Alternative 5).  Single 
colored bars indicate target values, with the 
color indicating whether 95% of results are 
greater than target (green), 95–50% of results 
are greater than target, or less than 50% of 
results are greater than target. 
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8.2 Construction and Amount of ESH 
 
The success in reaching acreage targets (Table 8.1 and Figure 8.1E) is largely dependent upon the 
process used to plan construction efforts.  For our simulations, we used the area-dependent loss 
rates provided to the ESH model to calculate a constant acreage to be constructed each year to 
reach the target acreage by 2015.  These annual construction rates as calculated for each 
alternative and reach are given in Table 8.2.  As estimation error and annual variation are added to 
the loss rates when simulating ESH, actual acreages in 2015 produced by these construction rates 
will vary as observed in Figure 8.1E.  This assumes construction efforts are the same each year 
and are not adjusted if the rate of habitat loss is higher or lower than anticipated. 
 
Table 8.2 Projected acres of annual construction necessary to meet the ESH target by 2015 for 
each alternative, with construction beginning in 2010. 
 
 
Alt. 1 Alt. 2 Alt. 3 Alt. 3.5 Alt. 4 Alt. 5 Existing 
Target 11,886 5,502 6,754 4,370 1,985 1,315 883 
Gavins Point 1986 803 1212 598 204 111 125 
Lewis and Clark 700 349 290 181 71 39 25 
Fort Randall 300 124 102 67 32 37 0 
Garrison 1834 832 723 416 121 93 0 
Fort Peck 375 0 375 179 62 4 0 
Annual Total 5195 2108 2703 1440 490 284 175 
Annual/target 0.44 0.38 0.40 0.33 0.25 0.22 0.20 
 
Because loss rates are assumed to increase with higher acreage, the proportion of total acreage 
that must be built or rebuilt each year to reach or maintain a target acreage increases with the 
target value, from 22% of the total for Alternative 5 to 44% of the total for Alternative 1.  Figure 
8.2 shows the acreage of ESH available over time for three alternatives (BiOp Construction, 
Alternative 5, and No Build).  Though construction efforts are assumed to be constant over time, 
the increased loss rates at high acreages produces a trajectory of ESH acreage where most acreage 
is gained in the first few years and then the same effort must be expended for continually smaller 
increases in total acreage. 
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Figure 8.2 Median acres (solid black lines) of simulated ESH over time using construction efforts 
described in Table 8.2.  Dashed lines indicate the 5th and 95th percentiles.  Target values are 
indicated by a red line (there is no target for the No-Build scenario). 
 
 
8.3 Population Metrics 
 
Figures 8.3–8.5 contain time series of population metrics for Alternative 1 (BiOp), existing 
program, and no build scenarios.  Fledge ratios (Figure 8.3) for both species are similar across 
construction alternatives.  This is due, in part, to the large variability in flow between years.   
Flow variability creates variability in habitat availability from year to year that can, in some cases, 
be larger than the difference in availability of constructed habitat between scenarios. 
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  Also contributing to similar fledge ratios across construction alternatives are  reservoir 
shorelines.  Shorelines provide large amounts of nesting habitat during years with declining water 
levels  which attracts large numbers of new breeders in the model.  On reservoirs, habitat 
availability, and therefore fledge ratios, are highly variable between years but average to 
relatively consistent levels over many model runs.  Reservoir habitat buffers the overall fledge 
ratios to changes in the amount of ESH due to construction. 
 
Tern fledge ratios are relatively consistent over time and increase only slightly in response to 
Alternative 1; this is primarily because at current densities, terns are limited less by density 
dependence in fledgling production than by the rate at which juveniles survive and return to 
breed.  The relative importance of vital rates was determined through elasticity analysis. In 
addition to the lower estimated density dependence for terns than plovers, it is consistent with 
life-history theory that terns, which are longer-lived than plovers and have lower estimated rates 
of recruitment to the breeding population would be affected more by survival than reproduction 
(Saether and Bakke 2000.)    
 
The No Build alternative results in a gradual decrease in fledge ratios as habitat declines.  Plover 
fledge ratios increase with time, to the greatest extent under Alternative 1.  There is also an initial 
increase in plover fledge ratios for the no-build and existing program alternatives for the first few 
years after which fledge ratios level off.  This pattern is largely driven by plover dynamics in the 
reservoir shoreline habitats, which attract birds in increasing numbers as ESH declines in river 
reaches. 
 
The time series of population sizes (Figure 8.4) reflect the consistency between scenarios seen in 
the fledge ratios.  Neither species is projected to reach the target in 2015 even 50% of the time (as 
seen by the median projections), though the plovers come more closely to reaching the target.  As 
mentioned in section 8.1, these projections are conservative as the model does not distinguish 
between birds that did not return because of mortality and birds absent because of high 2010 
flows that may return to breed in future years when more habitat is available.  Also note that the 
median of projected population sizes exhibit smooth growth between years, but individual 
population trajectories will exhibit more variability. 
 
The contrast between the two species can be observed more clearly in Figure 8.5.  Annual growth 
rates for terns are projected to be just above than 1 for all three alternatives shown, indicating 
populations are growing, but at a slow rate that is increased only slightly by increased acreage of 
constructed ESH.  Plovers exhibit higher annual growth rates that respond more to construction 
efforts.  This difference can be explained by the higher estimated survival rates for juvenile 
plovers than for terns, compounded by the two years terns spend as juveniles compared to one for 
plovers.  In the model, approximately 60% of fledgling plovers return as new breeders, whereas 
only 16% of terns return.  Improvements in tern fledge ratios, which are already predicted to be 
high, due to constructed habitat are tempered by the lower return rate of chicks from previous 
years.
ESH Annual Adaptive Management Report                                                            March 2011 
I - 7 
Fledge Ratios   
Alternative 1: BiOp Current Alternative (5) No Build  
   
  
 
Figure 8.3 Median fledge ratios (solid lines) over time for terns and plovers under the Alternative 1 (BiOp), current alternative, and no 
build scenarios.  Dashed lines indicate the 5th and 95th percentiles.  Target values are indicated by the red line. 
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Population Sizes   
Alternative 1: BiOp Current Alternative (5) No Build 
   
   
Figure 8.4 Median population sizes (solid lines) over time for terns and plovers under the Alternative 1 (BiOp), current alternative (5), 
and no build scenarios.  Dashed lines indicate the 5th and 95th percentiles.  Target values are indicated by the red line. 
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Annual Growth Rates   
Alternative 1: BiOp Current Alternative (5) No Build  
   
   
Figure 8.5 Median annual growth rates (thick solid lines) over time for terns and plovers under the Alternative 1 (BiOp), current 
alternative (5), and no build scenarios.  Dashed lines indicate the 5th and 95th percentiles.  Red lines indicate a growth rate of 1.
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Figure 8.6 Long-term median model trajectories of tern (thin lines) and plover (thick lines) 
populations under Alternative 1 (BiOp, dot-dash lines), the current alternative (solid lines) and 
the no-build program (dotted lines).  Targets for each species are indicated by red lines. 
 
The effect of the difference in growth rates is shown in Figure 8.6, where population projections 
are carried out for 20 years.  The median of modeled plover populations suggest the target will 
be reached between 2017 and 2020, which suggests that lower construction rates could still result 
in desired growth only a few years later than much higher construction rates.  However, note that 
these are median population sizes which means that half of all simulations predict longer times 
until success, if at all.  Again, this outcome is heavily influenced by the use of reservoir shoreline 
habitat for breeding, which in the model is assumed to be equally attractive and productive as 
riverine habitat  Should plovers use reservoir acreage less than ESH in reaches, we would expect 
to see greater differences among scenarios. 
 
According to current estimates of reproduction and survival, tern populations  have a lower 
intrinsic growth rates (population growth at very low densities), than plovers , and  and are less 
density dependent.  As a consequence, tern populations grow more slowly and are more similar 
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across construction alternatives.  Terns are projected to reach the population target between 2025 
and 2028 as long as construction takes place.  If habitat is managed for the maximum benefit of 
plovers, terns will also benefit, but at a slower pace that is inherent to the life history of the 
species rather than a failure to construct sufficient habitat.  As there is little information available 
about tern survival, additional information would greatly improve model estimates. 
8.4 Model Validation 
 
Model validation is critical to improving the model projections by determining how well the 
projections from a particular model match observations and what factors are potentially 
contributing to inaccuracies.  We summarize the model validation results here, and have included 
detailed information in Appendix II.  We compared monitoring and habitat data with model 
results for the construction actions implemented by the USACE during 2009–2010.  
8.4.1 Population Sizes 
 
Mean projected adult plover population size was 2,187 for 2009 and 2,397 for 2010.  Monitoring 
data pooled over the Missouri River Mainstem System resulted in estimated adult population 
sizes of 906 and 601 for 2009 and 2010, respectively.  The model-projected population size was 
higher than observed for both years, though not significantly higher due to the large variance in 
model estimates.  The majority of this variability stems from the large variability in flow, which 
in turn determines habitat availability, and in uncertainty included in the estimation of 
parameters.  Thus statistically significant differences between model predictions and actual 
population sizes in this case, would be if the actual population fell outside of the 95% confidence 
interval of model projections.  Tern population size was projected to be 888 individuals in 2009, 
and 897 individuals in 2010.  Estimates from monitoring data were 696 (2008) and 658 (2009).  
These values indicated that the model overprojected actual values for both species, but there 
were no statistically significant differences between observations and projections.  A comparison 
of projected population sizes, including a subset of individual simulation results, and population 
sizes estimated from monitoring data are shown in Figure 8.7.  As expected, the uncertainty 
associated with projected population size (i.e., the range of possible values for any given year) 
increases with time, Model projections included almost all values from monitoring data. 
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Figure 8.7  Comparison of model projections of population sizes with observed population sizes.  
Median model projections (solid black lines), the 95% confidence interval (dotted black lines), a 
subset of model simulations (blue), and observed population size based on monitoring data (red) 
are shown. 
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8.4.2 Fledge Ratios 
 
The projected fledge ratios for plovers were 1.29 (2009) and 1.32 (2010).  Monitoring data for 
2008 and 2009 suggested a fledge ratio across the Missouri River Mainstem System of 0.94 and 
1.0, respectively.  Mean fledge ratios of terns were predicted to be 1.72 for 2009, and 1.74 for 
2010.  Monitoring data suggested ratios of 0.8 for 2009, and 1.03 for 2010.  Though model 
projections were higher than estimates from monitoring data, they were not statistically different. 
8.4.3 Area of ESH 
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Figure 8.8  Comparison of model projections of ESH area with observed ESH area, flow 
corrected to baseline flows and maximum July flows (available ESH).  Median model 
projections (solid black lines), the 95% confidence interval (dotted black lines), a subset of 
model simulations (blue), and observed population size based on monitoring data (red) are 
shown. 
 
 
Our mean projected value of ESH acreage for 2009 at baseline flows were 770 and 775 at 
nesting flows.  Comparing model projections with monitoring data for 2009, our model 
significantly underpredicted the estimate of available ESH (P = 0.96).  As 2010 ESH accounting 
has not been completed, we cannot yet validate 2010 predictions. 
8.4.4 Combined Test of Model Output and Conclusions 
If the model projections performed well overall, then the P-values for the z-scores should follow 
a uniform distribution.  Some projections may be high or low when compared to monitoring 
data, but across all comparisons there should be no pattern.  The hypothesis that the P-values 
come from a uniform distribution is easily tested using a Fisher test of uniformity (McCarthy et 
al. 2001).  Combining all z-scores from our model (tern and plover adult population sizes, fledge 
ratios, and area of ESH) results in .  Therefore, although most of the model 
predictions are not significantly different from the monitoring values, the general pattern of 
overpredicting bird population sizes and fledge ratios results in significant error in prediction 
overall. 
8.5 Recommendations 
 
Reservoir shorelines seem to provide a large but highly variable amount of habitat through time 
(Section 8.3).  As amount of ESH decreases in river reaches due to erosion and is not replaced, 
the importance of available nesting habitat in reservoirs increases.  However, it is unknown how 
river and reservoir habitat compare in terms of quality or selection by nesting birds, and therefore 
have to make the assumption for modeling purposes that they are equal in these terms.  If these 
types of nesting habitat differ, which is highly likely, then we may observe greater differences 
among outcomes of different ESH construction scenarios as long as they prefer riverine habitat 
over reservoir habitat. If birds (primarily plovers) prefer reservoir habitat over riverine habitat 
then construction will make even less of a difference to population outcomes.  Consequently, 
continued exploration of opportunities to create and maintain plover nesting habitat on 
reservoirs, to monitor bird responses to these opportunities, and developing improved estimates 
of habitat quantity and dynamics on reservoirs is recommended. 
 
8.6 References 
Saether, B.E. and O. Bakke. 2000.  Avian life history variation and contribution of demographic 
traits to the population growth rate. 
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9. Appendix II: Model Technical Description 
9.1 Habitat Model 
 
The habitat model projects the total area of dry, bare sand in a river segment as a function of area 
in the previous year and associated water flow.  This model differs from previous models 
primarily by reducing the amount of geographic detail and relying on observed relationships 
between habitat area and flow within a reach.  River-based habitat, in the form of emergent 
sandbars, is modeled in four reaches (Gavins Point, Fort Randall, Garrison, and Fort Peck) and 
one reservoir (Lewis and Clark Lake).  Reservoir-based habitat, in the form of sandy shorelines, 
is modeled for three reservoirs (Lewis and Clark Lake, Lake Oahe, and Lake Sakakawea). 
9.1.1 River Reaches 
 
The availability of ESH for nesting is driven by two processes: the dynamics (creation and loss) 
of “baseline” habitat (i.e., amount of habitat measured at a specified flow) and maximum flow in 
any given year, which determines how much habitat will be above water during the nesting 
season.  We assume that the amount of ESH decreases over time due to vegetation growth and 
sandbar erosion , which are combined in a single loss term.  We assume there is no natural 
deposition (i.e., habitat-forming flows) because sediment deposition is mostly non-existent in the 
upper river due to a lack of sediment and low flows.  Both components of habitat loss (vegetation 
growth and erosion) are relative to the area (A) of a reach (q), so the loss of ESH through time 
can be described as 
 
 
 
where l is the loss rate (acres/acre/year.).  Loss rates depend on both reach and amount of 
acreage in the reach.  The nominal loss estimates are given in Table 9.1.  The estimation error 
(CV = 50) and temporal variability (CV = 1) for loss rates in each reach are calculated according 
to the highest loss rate and applied to the entire column of loss rates for that reach.  The 
estimation error is used in the Monte Carlo analysis to draw random perturbations of each 
parameter for each simulation run, and represents uncertainty in our knowledge about the 
system.  The temporal variability is included to represent environmental differences from year to 
year (e.g. weather) and a new value is generated each year during a simulation replicate.  
Randomly generated loss rates are capped at zero to prevent large errors from producing loss 
rates that represent an increase in habitat. 
 
 We used discrete time steps of one year, so the solution to this exponential growth equation over 
one year is 
 
 
where Mt is the net effects of management activities in year t.  Currently, management activities 
in the model consist of construction of new sandbars, though reconditioning and vegetation 
modification may be incorporated at some point in the future.  Notice that the habitat also ages 
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by one year (i.e., a + 1).  Currently, habitat of any age is considered to have similar quality, but 
this formulation allows age of habitat to be considered in the future. 
Table 9.1 Loss rates of ESH by reach and estimated by total baseline acreage in reach. 
Range of Acres Gavins Point 
Lewis and 
Clark Lake Fort Randall Garrison Fort Peck 
> 2,324 0.511 0.693 0.511 0.511 0.511 
2,148–2,324 0.357 0.693 0.511 0.511 0.511 
1,913–2,148 0.357 0.693 0.511 0.357 0.511 
1,328–1,912 0.288 0.693 0.511 0.357 0.511 
880–1,327 0.288 0.693 0.511 0.288 0.511 
589– 880 0.163 0.693 0.511 0.288 0.511 
571–588 0.163 0.693 0.511 0.163 0.511 
 566–570 0.105 0.693 0.511 0.163 0.511 
501–565 0.105 0.693 0.511 0.163 0.288 
 350–500 0.105 0.693 0.511 0.105 0.288 
 248–350 0.105 0.693 0.357 0.105 0.288 
212–247 0.105 0.693 0.357 0.105 0.163 
129–212 0.105 0.693 0.288 0.105 0.163 
81–128 0.105 0.693 0.163 0.105 0.163 
31–80 0.105 0.693 0.105 0.105 0.163 
0–30 0.105 0.693 0.105 0.105 0.105 
 
 
 
The amount of ESH that is available for nesting is driven by the maximum daily flow observed 
between May 1 and July 30 of each year, which is assumed to be the primary nesting period.  
The maximum flow will correspond with the minimum area of ESH that is available as nesting 
habitat.  Finer temporal resolution in modeling nesting behavior would allow for modeling finer-
scale variation in habitat availability as well, but given the current “whole-season” focus, this is 
sufficient for the current prototype model.  Historical flow information (R. MacAllister, personal 
communication) for each reach was summarized to provide the observed maximum nesting-
season flow from 1930 to 2009 (e.g Figure 9.1).  To simulate flow within the model, we used 
historical flow from a randomly selected sequence of consecutive years between 1968 and 2007, 
under the assumption that the range of flows experienced during those years will be comparable 
to the current hydrograph. 
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Figure 9.1 Historical maximum daily flow during nesting season (May 1 – July 30) for Gavins 
Point reach during 1930–2007. 
 
The habitat variable is connected to flow levels via the observed relationships between exposed 
sand and flow, or flow-area curves.  These relationships can be derived by observation or 
modeling (e.g., Jacobson and Galat 2006).  It is important to keep in mind that these parameters 
and the particular relationships are not provided as the ultimate best answer, but rather as 
nominal points to use in the prototype model and to inform the best direction for future analysis.  
If the outcomes of the model turn out to be highly sensitive to these particular relationships, then 
it will be important to refine this component of the model.  Because channel morphology can 
change from year to year, this relationship may be biased in unknown directions. 
 
We have estimates of the flow-area curves for all four  reaches.  The Gavins Point flow-area 
relationship was modeled by changing flow through the channel based on LIDAR estimates of 
the topography made by David Miller and Associates in 2005 (Figure 9.2).  The flow-area curves 
for Fort Randall, Garrison, and Fort Peck reaches are based on Master Manual data (Table 9.2).  
These curves were fit with exponential functions (i.e., cxA be= ) to relate amount of ESH (A) for 
any given flow (f) based on an estimated amount of ESH at a particular flow. 
 
For a simulation run, a baseline flow must be specified (generally the observed flow during the 
initial year) and all created ESH throughout the simulation is then standardized to that level.  
Then for each year, the amount of available nesting habitat is determined by adjusting the 
baseline amount of ESH to the flow selected for that year using the ratio of ESH available at the 
baseline flow to ESH available in the current year.   
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Table 9.2 Data for flow-ESH area relationships and coefficients for the fitted 
equation bfA ce= . 
 
 
Amount of ESH by River Reach (acres) 
Flow (kcfs) Gavins Point Fort Randall Garrison Flow (kcfs) 
Fort Peck 
5 -- 270 -- 3 1166 
10 -- 200 3,350 6 193 
15 5,327 130 1,800 9 94 
20 -- 58 400 12 38 
25 3,293 33 200   
30 -- 17 0   
35 1,997 -- --   
45 1,245 -- --   
Coefficients 
   
  
    b  −0.0486 −0.115 −0.1992  -0.417 
    c  11,047 588 27,208  3.5 
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Figure 9.2 Relationship between flow and area of ESH for reaches.  
 
9.1.2 Reservoir Habitat 
  
Reservoir shoreline habitat was calculated for Lewis and Clark Lake, Lake Oahe, and Lake 
Sakakawea.  Habitat availability is driven by the current elevation of the reservoir relative to the 
height of the reservoir in the previous year.  We assumed that the rate of vegetation growth on 
exposed shoreline prevents nesting after one year, but that shoreline inundated at least once 
during the previous 12 months had no vegetation.  Therefore, the “relative free area” available 
for nesting on the shoreline is the difference between the maximum inundated area during the 
past 12 months and the maximum inundated area during the nesting season.  If reservoir 
elevation during the nesting season is above the highest inundated point from the previous year, 
then there is no nesting habitat available.  This leads to marked inter-annual fluctuations in the 
amount of habitat available on each reservoir.  The model also currently assumes that all parts of 
the unvegetated shoreline are equally suitable habitat, due to lack of further information. 
9.2 Terns and Plover Fledge Ratio Model 
 
Analyses of monitoring data in the PEIS suggest that an increase in overall ESH produced an 
increase in tern and plover populations as observed during 1998–2005.  The data also indicate 
the 1998 acreages produced fledge ratios greater than required in the BiOp.  However, there are 
uncertainties regarding the temporal relationship between available habitat and productivity, the 
effect of connectivity between river habitats on productivity, and confounding factors unrelated 
to Missouri River restoration that may affect population trends, such as habitat availability 
outside of the study area, or large-scale climatic trends (USACE 2008b; USFWS 2000, 2003).  In 
this report, we reanalyze data from 2004 to 2007 in the Gavins Point reach to develop estimates 
usable for the population model forecast; Gavins Point in these years was the only reach in which 
sandbar area estimates were available at the same scale as nest success data.  
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The basic component of the tern and plover population models is productivity per pair; this is 
also a direct objective of the AM strategy, so a careful analysis of this metric is warranted.  The 
underlying data are discrete counts of fledglings, suggesting that a Poisson-distributed model is 
appropriate.  However, exploratory model analysis suggests that there is substantial 
overdispersion in the fledgling counts, i.e., variation among sites and years that is unexplained by 
the available covariates.  This is not unexpected, as overdispersion is a common feature of 
ecological data.  In this initial analysis, we accommodate overdispersion by modeling the 
observed number of fledglings using a negative binomial distribution, which fits an extra 
parameter to account for the larger-than-Poisson variation.  The basic model for the ith 
productivity observation (typically a single site in a single year) is 
 
 
 
 
 
where Yi is the number of fledglings observed, µ is the average fledglings per pair (the “fledge 
ratio”), θ is the estimated overdispersion parameter, X is a vector of covariates (e.g., area, 
density, habitat type), and Pi is the number of pairs observed at the site.  Including the number of 
pairs in the model as an offset in this manner allows us to directly interpret the estimated 
coefficients as effects on the number of fledglings per pair.  In this first analysis, we examine a 
set of six models, including combinations of density, area, and habitat type (Table 8.3).  We do 
not include models with both area and density because density incorporates area; however, 
comparing models with either area or density as covariates can determine whether it is area per 
se or density that influences productivity.  We did not examine the age of habitat because data on 
this covariate were only available for created habitats.  We conducted a second analysis using 
only data for created habitats to compare the effects of density versus age of habitat.  
 
We used Akaike Information Criterion (AIC) to compare model, where ∆AIC = difference in 
AIC unit between a given model and the highest-ranked model, k = number of model parameters, 
and w = weight of evidence (Burnham and Anderson 2002).  For terns, there was substantial 
model selection uncertainty; four of the six models had ∆AIC values less than two, including the 
null model.  Area and density probably have some effect, as either is present in 3 of the top 
models, and they are correlated covariates.  Habitat type may not be important, as it only occurs 
in the top models in conjunction with density.  However, the fit of these models is not great (e.g. 
the Habitat * Density model; [Figures 9.3A–C]), particularly for the vegmod habitat type. 
 
For plovers, the top two models contained 83% of the weight of evidence (Table 8.3), and both 
include density as a covariate. This is moderately strong evidence that density is a driver of 
variation in productivity for plovers.  The effect of habitat is contained in the second-best model, 
but this model contains the best model nested inside it.  The top model fits the data moderately 
well (Figure 9.3D). 
 
The probable importance of density is further emphasized when analyzing just the created habitat 
data to compare with the effect of age of habitat.  For terns, the picture is clear: the model with 
density and age effects together is the best model by a large margin (i.e., w = 93%; Table 9.4).  
The same model is also the best for Plovers, although the evidence is much less clear in that case 
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(i.e., w = 31%).  For both species, the estimates indicate that productivity decreases with 
increasing age of habitat and increasing density, and there is a positive interaction between these 
two covariates (Figure 8.3). 
 
In summary, further work is required when the full productivity dataset is connected with area 
data for reaches besides Gavins Point and for years other than 2004–2007.  Incorporating site and 
year as random effects may be one method to further reduce unexplained variation.  In addition, 
it seems likely that terns respond at scales larger than the sandbar, because they forage in shallow 
water off the sandbar.  In that case, covariates relating to density at larger spatial extents than the 
sandbar may be necessary to understand variation in tern productivity.  For both species, there 
may be spatial autocorrelation between sites due to local variation in productivity.  Nonetheless, 
it is possible to use these productivity models to provide preliminary connections between the 
habitat model and the population model.  The productivity parameters in the population model 
for plovers are taken from the AIC best model for plovers using all habitat types (Table 9.3).  
Because of the poor fit and high model selection uncertainty for terns using all the data, we took 
the model parameters for Terns from the model fitted to success data from created habitat only 
(Table 9.4).  To maintain consistency with plovers, and to avoid having to track sandbar age, we 
used the 2nd best model in that set that included the effect of density alone.  Although this model 
is not the best model in the set, it is nested inside the top model, and the parameter estimates 
correspond roughly to using the best model and assuming all sandbars are 2 years old.   
 
Table 9.3 AIC model selection results for Plover and Tern productivity models for all habitat 
types.  
Species 
    Model 
 
AIC 
 
k 
 
∆AIC 
 
w 
 
Plovers 
    
    Density 412 3 0.00 0.65 
    Habitat * Density 414 7 2.51 0.18 
    Area 416 3 4.11 0.08 
    Null 418 2 5.60 0.04 
    Habitat * Area 418 7 6.40 0.03 
    Habitat 419 4 6.94 0.02 
Terns     
    Area 397.2 3 0.00 0.29 
    Null 397.3 2 0.14 0.27 
    Habitat * Density 398.0 7 0.84 0.19 
    Density 399.0 3 1.84 0.12 
    Habitat *Area 399.9 7 2.71 0.08 
    Habitat 400.9 4 3.77 0.04 
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Table 9.4 AIC model selection results for Plover and Tern productivity models for created 
habitat only. 
Species 
    Model 
 
AIC 
 
k 
 
∆AIC 
 
w 
Plovers     
    Age 124.9 3 2.79 0.08 
    Density 122.4 3 0.30 0.27 
    Area  123.0 3 0.87 0.20 
    Age * Density 122.1 5 0.00 0.31 
    Area * Age 124.3 5 2.11 0.11 
    Null 127.3 2 5.19 0.02 
Terns     
    Age 145.3 3 9.88 0.01 
    Density 141.8 3 6.36 0.04 
    Area  144.1 3 8.67 0.01 
    Age * Density 135.4 5 0.00 0.93 
    Area * Age 144.6 5 9.17 0.01 
    Null 148.7 2 13.33 0.00 
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Figure 9.3 Estimated number of fledglings per pair as a function of bird density for A) created 
habitats for terns, B) vegetation-modified habitats for terns, C) unaltered habitats for terns, and 
D) all three habitats combined for plovers.  Heavy lines describe the mean and 95% confidence 
limits and the light dotted line is the upper 95th quantile of a negative binomial distribution with 
that mean and the estimated overdispersion parameter. 
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Figure 9.4 Fledge ratios as a function of adult density for terns and plovers in created habitats 
only.  Heavy lines are means (solid) and 95% confidence intervals (dashed) for habitats of age 1 
year; light lines are for habitats of age 3 years. Other years not shown for clarity. Symbols vary 
by age: o = 1, ∆ = 2, + = 3, and x = 4.  
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9.3 Plover Population Model 
 
The population model for piping plovers tracks the number birds breeding in each reach in each 
year and incorporates movement between reaches by juveniles as well as demographic and 
environmental stochasticity and statistical error in parameter estimates (Table 9.5).  For each 
reach q, the population size N in year t+1 is 
 
 
 
where sa is the return rate of adult birds, B is the number of fledglings, sj is the survival of 
juveniles through their first winter, E is the number of first-time breeders that emigrate from their 
natal reach, and  is the proportion of emigrants from reach r that immigrate to the reach in 
year t.  The observed count of adult birds  and fledglings  on reach r is assumed to follow a 
binomial distribution with  trials and a probability of success p (detection rate) that 
varies by stage.  The fledge ratio is the metric of population production currently reported in the 
BiOp as  . 
 
The number of returning adults is binomially distributed with  trials and a probability of 
survival sa, which varies by year.  This environmental stochasticity is normally distributed with 
mean zero and a fixed coefficient of variation.  Error for this and other probabilities are added 
using a logit transformation to ensure rates are not less than zero or greater than one.  At present, 
adult mortality is assumed to be unaffected by management actions. 
 
The number of fledglings produced ( ) is drawn from a negative binomial distribution with 
mean rate bt that is a function of population density and other environmental effects, such as 
whether a reach is powerpeaking: 
 
 
 
where the e  are regression coefficients estimated from nest success monitoring data (see 
productivity model section above), nestdensity is , and power is an indicator that is 1 on 
reaches that experience powerpeaking and 0 otherwise. The term log( ) is an offset term that 
automatically multiplies the mean production by the number of nests present; this approach is 
used because the monitoring data counts the total fledglings rather than individual nest 
production. The dispersion rate k for the negative binomial distribution is estimated from the 
regression analysis on monitoring data.  The term  is readily interpreted as the average 
number of fledglings produced by a pair at low nest density (nestdensity ≈ 0) in a reach that is 
not powerpeaking (i.e., power = 0).  When determining the number of fledglings for a reach, we 
subdivided the population in that reach into smaller parts (e.g. ten subpopulations) and generate 
the number of fledglings for each.  This population divisor allows for the simulated variability in 
reproduction to be closer to the observed variability, as parameter estimates are based on 
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observations at the sandbar scale rather than the reach scale.  This assumes that reproductive 
success is uncorrelated among sandbars within a reach. 
 
Some fledglings remain in the reach where they hatched.  The model currently assumes density-
independent dispersal proportion dt  that is constant among reaches, so the number of emigrants 
out of a reach is a random variable .  The proportion of emigrants from r that 
move to another reach q depends on how much habitat is available in reach q in year t +1 
relative to the total habitat in the system in year t + 1, and is described by 
 
 
 
It is important to note that this is not the only possible model of dispersal.  Dispersal rates could 
depend on density in the natal reach and target reach, on weather conditions, or be a multinomial 
random variable.  At this stage, we have little information on dispersal, so we are using a very 
simple, plausible model of dispersal.  We also assumed that any dispersal out of the Missouri 
River Mainstem System is counterbalanced by dispersal into the system from other 
subpopulations within the Northern Great Plains (plover) or interior (tern) populations.   
The final part of the model is survival of fledglings to adults.  This is binomially distributed with 
a probability sjt and includes fledglings that did not emigrate and all new immigrants to the reach.  
This overwinter and migration survival is assumed to be density independent, constant among 
reaches, and not influenced by management actions within the mainstem system. 
9.4 Tern Population Model 
 
The least tern population model is structured similarly to the plover population model, with 
reproduction and dispersal taking the same forms.  The models are different, however, in that 
terns have four modeled life stages rather than the two life stages for plovers.  Fledglings are 
produced by adults using the same productivity function as previously described, but rather than 
returning to breed as adults the next year as plovers do, terns spend a year as juveniles before 
breeding.  Overwintering fledglings and juveniles are assumed to survive at the same rate.  Two-
year-old terns return to the breeding ground and disperse in the same manner as plovers.  Two- 
and three-year-old terns also have a separate survival term that is estimated to be lower than that 
for older adults, but are otherwise treated as adults for purposes of reproduction. 
 
  
ESH Annual Adaptive Management Report                                                            March 2011 
 
 II - 13 
 
Table 9.5 Nominal parameter values, estimation error (coefficient of variation), and 
temporal variability (coefficient of variation).  Noise from estimation error is added to 
parameters for each simulation run; noise from temporal variability is then added to 
parameters for each year within a run. All uncertainty is assumed to be normally 
distributed. 
 
Species 
    Variable Description 
Nominal 
value 
Estimation 
Error 
Temporal 
Variability 
Plover    
    Adult survival 0.783 9.6 1 
    Juvenile survival 0.6 9 1 
    Fledglings/pair (negative binomial with  
        log link)    
        Intercept 0.38 47 5 
        Density -0.22 31 1 
        Powerpeaking -0.75 75 1 
        k 0.64 22 1 
    Detectability (adults) 0.7   
    Detectability (fledglings) 0.95   
    Dispersal rate 0.4 25 1 
Tern    
    Adult survival (> 3 yrs old) 0.92 6 1 
    Juvenile survival 0.4 9 1 
    2–3-year-old survival 0.81 9 1 
    Fledglings/pair (negative binomial with  
        log link) 
 
  
        Intercept 0.58 47 5 
        Density -0.17 31 1 
        Powerpeaking -0.75 75 1 
        k 0.99 22 1 
    Detectability (adults) 0.7   
    Detectability (fledglings) 0.95   
    Dispersal rate 0.4 25 1 
Population divisor 10   

ESH Annual Adaptive Management Report                                                            March 2011 
 
 III - 1 
10. Appendix III: Model Validation 
10.1 Validation Methods 
 
In this section we describe the model validation process, based on new information from ongoing 
monitoring and research actions.  Model validation is critical to improving the model projections 
by determining how well a particular model makes projections and what factors are potentially 
contributing to inaccuracies.  One approach to validation is to compare projected values with 
values from an independent data set (i.e., from data not used during model development).  
Monitoring data describing tern and plover adult population sizes and fledge ratios during 2009–
2010 was obtained from the USACE (Missouri River Recovery Least Tern and Piping Plover 
Data Management System) for comparison to model results (Table 10.1).  We also used ESH 
accounting from cover-type data developed by the U.S. Geological Survey (see U.S. Geological 
Survey 2007 for more information) for the USACE, which we used for comparison to model 
results.  We compared monitoring and habitat data with model results for the actual construction 
actions implemented by the USACE during 2005–2010 as described in table 4.1.  
 
We compared projected (model results) and observed (monitoring data) values for several 
parameters based on standard deviation scores (z; Tyre et al. 2000, Sheskin 2007), such that 
 
 
 
where X = observed value (e.g., population size estimate from monitoring data), µ = projected 
value (e.g., average projected population size estimate), and σ = standard deviation (e.g., 
standard deviation of model projected population sizes).  This score is a measure of distance 
from the mean in standard deviation units, and is normally distributed with mean = 0 and 
variance = 1.  The more similarity between projected and observed values, the closer the z-score 
is to zero, resulting in more evidence that model results are accurate.  If the model is 
overprojecting the observations, then the z-scores will be negative. If the model is 
underprojecting the observations, then the z-scores will be positive. 
 
We then tested for statistical significance of z-scores using P-values, assuming that model results 
and monitoring or habitat data differed if 0.05 > P > 0.95.  Finally, we calculated a cumulative 
P-value based on all z-scores to test the overall projective ability (McCarthy et al. 2001), where 
the value 
 
 
 
with p = the P-value for individual score for i = 1 to n.  The cumulative P-value is then based on 
a chi-square distribution. 
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Table 10.1 Comparison of values from model projections and values observed from monitoring 
data of piping plovers and interior least terns, 2009-2010. 
Species  Predicted   
Observed 
  
    Metric (Year)    SD   z  P  
 
Plover 
 
            
    Population Size (2009) 
 
 2,187  1,073   906  -1.19  0.12  
    Population Size (2010) 
 
 2,397  1,399   601  -1.28  0.10  
    Fledge Ratio (2009) 
 
 1.29  0.67   0.94  -0.52  0.30  
    Fledge Ratio (2010) 
 
 1.32  0.69   1  -0.46  0.32  
Tern 
 
            
    Population Size (2009) 
 
 888  177   696  -1.08  0.14  
    Population Size (2010) 
 
 897  218   658  -1.10  0.14  
    Fledge Ratio (2009) 
 
 1.72  0.74   0.8  -1.25  0.11  
    Fledge Ratio (2010) 
 
 1.74  0.73   1.03  -0.98  0.16  
Baseline ESH (acres; 2009) 
 
 770  156   739  -0.20  0.42  
Nesting ESH (acres; 2009) 
 
 775  413   1477  1.70  0.96  
             
 
10.2 Adult Population Size and Fledge Ratio 
 
The model predicted plover population sizes that were considerably higher than those observed 
in 2009 and 2010, differing by over a thousand birds, though due to the large variability in model 
predictions the difference was not significant (p = 0.12 and 0.10).  Tern populations were closer 
to observed population sizes in absolute numbers, but due to considerably lower variability in the 
predictions, the level of significance is similar to plovers (p = 0.14 for both years.)  The model 
predicted higher fledge ratios than the observed ratios for both species, but again these values 
were not significantly different. 
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10.3 Area of ESH 
 
ESH acreage was only compared for 2009, as 2010 values are not yet available.  The model 
predicted the baseline acreage, fairly well, differing by only 31 acres from the observed acreage, 
but significantly underestimated the amount of nesting habitat available in 2009. 
10.4 Combined Test of Model Output 
If the model projections performed well overall, then the P-values for the z-scores should follow 
a uniform distribution.  Some projections may be high or low when compared to monitoring 
data, but across all comparisons there should be no pattern.  The hypothesis that the P-values 
come from a uniform distribution is easily tested using a Fisher test of uniformity (McCarthy et 
al. 2001).  Combining all z-scores from our model (tern and plover adult population sizes, fledge 
ratios, and area of ESH) results in .  Therefore, although most of the model 
predictions are not significantly different from the monitoring values, the general pattern of 
overpredicting bird population sizes and fledge ratios results in significant error in prediction 
overall. 
10.5 Conclusions 
 
The aggregate result for the combined test of model output is driven largely by the overall trend 
in overestimating bird population sizes and fledge rations, though none of these values by 
themselves are significantly different from the observations.  This does not mean the model 
perfectly represents reality, but we can conclude that we do not yet have evidence that the model 
projections are wrong.  At this early stage of development, we would not expect the model to 
provide perfect or near-perfect projections.  Our comparison provides good information about 
which aspects of the model need the most improvement, thus guiding future development efforts. 
10.5.1 Underprojection of Available ESH 
The ESH model consists of two primary processes: the loss rates of ESH due to erosion and 
vegetation growth, and the correction functions used to adjust the amount of ESH available to 
nesting according to flow.  Error in the model, then can come from error in the erosion rates and 
flow correction curves.  The model also estimates flows based upon historical flows since 
completion of the dams, so additional errors in prediction may occur when realized flows in a 
given year are not well-represented in the historical data.  The relative accuracy of the baseline 
ESH predictions suggest that the model is predicting changes in ESH structure over time 
reasonably well, but the differences in nesting ESH predictions could indicate insufficient ability 
to predict or correct for future flows. 
Additional uncertainty comes from the use of flow correction during ESH accounting.  Images 
for each reach and year are taken at different times and different flows.  The ESH area observed 
in these images must be corrected within each reach and year to estimate the amount of ESH 
available in July.  Errors in flow correction curves (which are based on limited data that is 
outdated for most of the river) will result in inaccuracies in estimating ESH.  
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Refining and improving ESH model predictions depend on having thorough and reliable 
estimates of not only observed acrage, but of area discharge curves.  Thus the most paramount 
information need illustrated by the underprojection of habitat area in the model is reliable, 
regular estimates of nesting season habitat area, and ideally, regular (i.e., every 3–5 years) 
estimates of the habitat area-discharge curves. 
10.5.2 Overprojection of Population Sizes and Fledge Ratios 
 
Although there are many reasons why a population model might overproject actual values, there 
are a couple of points in the model that are particularly uncertain.  First, the productivity of a pair 
of terns is assumed to be influenced by both the amount of available ESH and population size. 
The function used in the model is adapted from the function estimated for piping plovers from 
the 2004–2007 nest monitoring data (Section 8.2).  Thus, the shape of this curve is highly 
uncertain for terns.  As results from research on nest survival and fledge growth for both species 
becomes available from the U.S. Geological Survey and Virginia Polytechnic Institute and State 
University, and ESH and bird monitoring data is processed, the productivity functions should 
become more accurate.  Plover survival rates have been updated according to research done by 
VPI, and while this data should be more relevant to current plover demographics than the 
information previously used, the estimated variability was higher.  In addition, the nominal 
survival rates were higher for plovers than previously estimated , which would contribute to 
overestimation.  Very little information is available for tern survival, thus providing a great deal 
of uncertainty about tern demographics.  The model is also initialized using population 
abundance for a specific year that is assumed to be exact.  The runs reported here used the 2005 
numbers, which were high relative to years before and after that year.  Thus, if we started the 
model from 2004 or 2006, the projected population sizes would be lower.   
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11. Appendix IV: Implementation and Coordination of 
Activities 
11.1 Meetings 
 
• May 2010 – MRRP Adaptive Management Process Briefings 
Executive Steering Committee 
 
• May 2010 – MRRP Adaptive Management Process Briefings 
Cooperating for Recovery Team 
 
• July 2010 – MRRP Adaptive Management Process Briefing 
Missouri River Fish and Wildlife Mitigation Project Agency Coordination Team 
 
• Weekly phone conference calls 
Adaptive Management Working Group 
• September 2009, Lincoln, NE 
• March 2010, Lincoln, NE 
• October 2010, Omaha, NE 
 
• May 2010 tern and plover meeting, Omaha, NE (subset of ESH PDT) 
ESH PDT  
• September 2010 tern and plover data meeting, Omaha, NE 
 
• July 2010, Joint ISP and MRRP working group web meeting on MRRP AM Process 
Framework 
MRRIC 
• July 2010, Presentation on the MRRP AM Framework Sheridan, WY 
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